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Introduction 


It  is  a  matter  of  current  knowledge  among  geologists  that  various 
mineral  substances  of  a  greater  or  less  degree  of  purity  are  at  the  present 

•  Owing  to  the  death  of  President  Russell,  this  paper  was  read  by  Acting  President 
Dayls. 
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time  being.  ,SeJ)arated  through  the  agency  of  natural  processes  from 
. .  other  .sVibstances  or  gathered  from  a  previously  widely  disseminated 
':'§hrte  and  placed  by  themselves.  To  this  general  process  the  term  geo- 
logical  concentration  has  been  applied.  It  is  also  well  known  from 
the  study  of  mineral  veins,  residual  earths,  etcetera,  that  similar  processes 
of  concentration  have  been  in  operation  throughout  geological  time, 
and  that  in  obedience  to  a  law  of  nature,  as  yet  inscutible,  whereby  like 
seeks  like,  most  mineral  substances  of  commercial  value  have  been  segre- 
gated in  veins,  beds,  and  other  deposits,  and  thus  become  available  for 
himian  uses.  No  systematic  attempt  seems  to  have  been  made,  however, 
to  formulate  the  many  and  frequently  highly  complex  processes  by  which 
the  concentration  of  mineral  substances  through  the  action  of  natural 
agencies  is  brought  about.  It  is  with  this  phase  of  geological  study  that 
the  present  address  is  concerned. 

Statement  of  the  Problem 

During  the  flow  of  streams  heavier  is  separated  from  lighter  material 
in  suspension  or  rolled  along  the  bottom,  and  gold,  platinum,  tin  ore, 
and  other  substances  of  high  specific  gravity  are  frequently  retained 
in  depressions  of  the  stream's  beds,  while  substances  of  less  specific 
gravity  are  carried  on.  Water  emerging  at  the  earth's  surface  as  springs 
contains  calcium  carbonate,  silica,  etcetera,  in  solution,  which  in  many 
instances  are  deposited  as  chemical  precipitates.  Plants  select  carbon 
from  the  carbon  dioxide  of  the  air  and  secrete  it  in  their  tissues,  thus 
accumulating  material  suitable  for  the  production  of  beds  of  peat  and 
coal.  These  and  other  similar  or  analogous  processes  whereby  concen- 
tration of  mineral  matter  results  are  now  in  operation  and  should,  as  it 
seems,  to  be  duly  recognized  as  constituting  a  distinct  and  important 
chapter  in  dynamical  geology. 

Under  the  uniformitarian  doctrine  that  "the  present  is  the  key  to 
the  past,"  it  is  evident  that  a  study  of  the  processes  by  which  the  concen- 
tration of  mineral  matter  is  now  being  brought  about  should  furnish 
a  means  for  determining  the  nature  and  mode  of  action  of  the  processes 
by  which  similar  results  were  produced  during  past  time.  In  other 
words,  a  knowledge  of  the  processes  of  concentration  now  in  operation 
furnishes  a  means  for  translating  the  records  of  former  combinations 
of  agencies  and  conditions  into  terms  which  may  be  defined  by  observing 
the  results  produced  by  similar  combinations  at  the  present  day.  In  the 
same  manner  that  ripple-marks,  shrinkage  cracks,  raindrop  impressions, 
etcetera,  on  ancient  sandstones  furnish  evidence  as  to  the  geographical 
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and  physical  conditions  which  prevailed  during  former  stages  in  the 
earth's  history;  and  in  the  same  manner,  also,  that  fossils  enable  one 
to  trace  the  evolution  of  species,  genera,  etcetera,  of  animals  and  plants 
or  to  follow  the  migrations  of  floras  and  faunas  during  former  geological 
periods,  so  a  knowledge  of  present  processes  of  concentration  shed  light 
on  many  pages  of  geological  history  which  otherwise  would  remain  in 
shadow.  Not  only  do  the  principles  governing  the  concentration  of 
mineral  matter  furnish  a  tool  for  use  in  general  geological  investigations^ 
but  one  which  is  of  practical  utility  to  the  economic  geologist  and  mining 
engineer.  For  example,  it  is  only  when  the  processes  of  concentration 
which  have  led  to  the  formation  of  a  bed  of  coal  or  that  filled  a  fissure 
with  ore  are  imderstood  that  predictions  worthy  the  name  can  be  made 
as  to  the  extent  of  such  deposits  or  reliable  advice  given  in  reference 
to  the  localities  and  associations  most  suggestive  of  their  presence. 

In  a  preceding  paragraph  examples  of  what  is  meant  by  the  term 
concentration  were  cited.  One  of  the  processes,  namely,  the  separation 
of  gold,  platinum,  etcetera,  from  associated  debris  is  obviously  controlled 
bv  physical  conditions;  another,  the  precipitation  of  calcium  carbonate 
and  silica  from  the  waters  of  springs,  is  dependent  in  part  at  least  on 
chemical  conditions;  and  still  another,  the  secretion  of  carbon  in  the 
tissues  of  plants,  necessitates  the  action  of  vital  functions.  These  illus- 
trations suggest  a  method  for  classifying  the  various  processes  by  which 
mineral  matter  is  concentrated,  thus  rendering  it  practicable  to  give 
concrete  shape  to  the  tool  we  wish  to  fashion.  The  suggestion  is  that 
the  many  and  varied  processes  by  which  concentration  is  brought  about 
may  be  arranged  in  orderly  sequence  with  reference  to  the  nature  of  the 
chief  or  controlling  force  by  which  the  selection,  transportation,  and 
deposition  of  the  material  segregated  is  rendered  possible. 

Analysis  of  the  Pbocesses  of  Geological  Concentration 

The  activities  which  lead  to  the  separation  of  one  kind  or  of  a  definite 
combination  of  matter  from  other  kinds  or  combinations  of  matter,  the 
transfer  of  the  selected  material  to  a  new  locality,  or  more  or  less  com- 
plete isolation  of  a  residue,  precipitate,  etcetera,  are:  (1)  physical  force, 
(2)  chemical  force,  (3)  the  intimate  and  interdependent  combination 
of  molecular  and  atomic  activities  termed  physical-chemical  force,  and 
(4)  the  property  inherent  in  living  organisms  which  is  designated  as 
vital  force.  Under  the  influence  of  one  or  another  of  these  four  divisions 
of  energy  as  a  dominant  factor,  it  seems  practicable  to  arrange  all  the 
pTocesBes  of  concentration  now  in  operation  or  which  can  be  shown  to 


4    I.  C.  BU8SBLL — CONCBNTBATION  AS  A  QEOLOGICAL  PRINCIFLB 

have  been  formerly  active.  With  this  idea  in  mind,  the  diverse  and 
frequently  highly  complex  processes  of  concentration  may  be  conveniently 
classified  as  mechanical,  chemical,  physical-chemical,  and  vital  processes. 
To  be  sure,  in  attempting  to  classify  the  processes  whereby  concentra- 
tion is  effected,  as  in  most  other  similar  efforts  to  tabulate  natural 
phenomena,  the  divisions  which  it  is  convenient  to  establish  are  largely 
empirical.  The  dividing  lines  are  not  in  all  cases  definite  and  sharply 
defined,  but  resemble  rather  the  recognition  of  species  among  organisms 
or  the  partitioning  of  prairie  lands  among  various  owners.  In  many  and 
perhaps  most  instances,  however,  in  which  natural  methods  of  concen- 
tration are  in  operation,  some  one  physical,  chemical,  physical-chemical, 
or  vital  process  is  dominant  and  determines  the  major  characteristics  of 
the  resultant  product.  In  the  recognition  of  the  dominant  factors 
opinions  may  differ,  as  they  do  concerning  species  among  plants  and 
animals,  but  this  qualification  need  not  detract  from  the  utility  of  the 
general  principle  which  it  is  the  purpose  of  this  address  to  emphasize. 

Primaby  Divisions 

It  is  obvious  from  current  geological  knowledge  concerning  the  various 
processes  of  erosion,  transportation,  and  deposition  that  an  extensive 
group  of  concentrates  have  resulted  mainly  and  essentially  from  the 
mechanical  changes  which  take  place  on  the  earth's  surface.  A  typical 
example  is  furnished  by  the  way  in  which  dry,  heterogeneous  debris 
is  separated  by  the  winnowing  action  of  the  wind  into  residual  material, 
too  heavy  for  the  wind  to  move,  and  graded  accumulations  formed  by 
the  deposition  of  the  transported  material.  In  this  process  mechanical 
action,  or  force,  is  the  dominant  agency  leading  to  the  results  referred 
to,  and  all  similar  processes  may  be  conveniently  grouped  under  the  term 
mechanical  concentration. 

In  a  similar  manner  in  many  instances  chemical  chaQges  are  in  control 
and  lead  to  the  isolation  of  residual  material  and  the  accumulation  of 
graded  precipitates  or  other  deposits.  In  many  of  the  operations  of 
nature,  however,  which  result  in  concentration  the  part  played  by  the 
physical  processes  and  by  chemical  processes  are  so  equally  balanced 
that  no  plane  of  cleavage  between  the  two  can  be  detected.  In  a  manner 
analogous  to  the  recognition  of  the  science  of  physical  chemistry  to 
embrace  the  borderland  between  two  long  recognized  sciences,  it  seems 
permissible  to  differentiate  physical  and  chemical  processes  of  concen- 
tration on  the  one  hand  from  physical-chemical  processes  on  the  otiier. 
Assistance  in  this  direction  may  be  had  by  recognizing  the  dominant 
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fidd  of  action  of  the  three  groups  of  processes  under  consideration.  The 
field  of  action  of  the  processes  of  concentration  in  which  either  physical 
agencies  or  chemical  agencies  are  in  a  large  majority  of  instances  clearly 
dominant  is  the  outer  portion  of  the  earth  and  includes  the  zone  of 
contrast  of  the  atmosphere  with  the  lithosphere  and  the  zone  of  weather- 
ing on  the  outer  earth.  The  portion  of  the  earth  in  which  physical 
and  chemical  agencies  favoring  concentration  go  hand  in  hand  and  are 
to  a  conspicuous  degree  mutually  interdependent  has  as  its  superior  or 
outer  limit  the  base  of  the  zone  of  weathering  and  includes  the  zone  of 
concentration  and  the  centrosphere^  or  the  inner  earth. 

In  reference  to  what  is  termed  above  the  outer  earthy  temperature 
and  pressure  are  low  in  intensity  and  have  but  small  yearly  fluctuations, 
but  within  this  narrow  boundaries  are  subject  in  each  instance  to  rapid 
fluctuations  both  at  a  given  locality  and  from  place  to  place.  In  the 
inner  earth  both  temperature  and  pressure  are  of  a  high  order  of  inten- 
sity, in  each  instance  increase  with  depth,  and  soon  reach  what  may  be 
termed  incomprehensible  values,  but  are  without  yearly  variations  and 
during  even  secular  changes  are  modifled  but  slowly. 

In  the  flrst  of  the  provinces  thus  deflned,  namely,  the  outer  earth, 
the  part  played  by  dominantly  chemical  and  dominantly  physical  proc- 
esses of  concentration  may  be  differentiated  and  chemical  concentrates 
given  equal  rank  with  the  mechanical  concentrates. 

In  the  second  province,  namely,  the  inner  earth,  physical  conditions, 
and  principally  temperature  and  pressure,  are,  as  nearly  as  can  be  judged, 
equal  and  perhaps  of  greater  importance  than  the  conditions  usually 
designated  as  chemical,  which  bring  about  concentration.  The  two,  how- 
ever, are  so  intimately  associated  and  so  thoroughly  introactive  that 
their  combined  influence  only  can  be  consistently  used  as  a  basis  of 
classification  in  the  present  connection.  Physical-chemical  forces  are 
therefore  given  equal  rank  with  the  dominantly  mechanical  and  domi- 
nantly chemical  forces  which  lead  to  concentration. 

Again,  under  the  influence  of  life,  physical  and  chemical  changes  are 
guided  by  a  force  not  recognizable  in  the  inorganic  world,  and  through 
its  action  matter  is  given  an  organic  structure  comparable  in  rank  with 
the  crystalline  structure  in  the  inorganic  world.  Through  the  dominant 
action  of  vital  force  certain  substances  are  differentiated  from  other 
substances  and  concentrated  to  form  the  tissues  of  plants  and  animals. 
Still  further  concentration  by  the  organic  bodies  themselves  may  result 
by  the  action  of  mechanical  agencies  or  from  chemical  changes,  but  the 
accumulations  of  solid  organic  debris  or  of  liquids  or  gases  arising  from 
the  decomposition  of  such  material  when  accumulated  so  as  to  form  a 
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geological  deposit  may  justly  be  termed  an  organic  concentrate.  Vital 
force  may  thus  be  ranked  with  mechanical,  chemical,  and  physical- 
chemical  forces  as  a  primary  agency  leading  to  the  concentration  of 
matter. 

Mechanical  Concentration 
bffbotb  of  gravity 

Gravity  acting  singly,  as  when  talus  slopes  are  formed  and  avalanches 
occur,  or  with  assistance  of  such  a  transporting  agency  as  is  furnished 
by  glaciers,  may  lead  to  the  concentration  of  heterogeneous  accumula- 
tions. When,  however,  gravity  works  in  conjunction  with  a  transport- 
ing agency  in  a  liquid  or  gaseous  condition  it  is  enabled  to  record  a  select- 
ive power  holding  certain  objects  in  place  while  their  associates  are 
moved,  and  during  the  time  the  material  moved  is  in  transit  causing 
certain  portions  to  come  to  rest  while  others  are  carried  on.  The  media 
with  the  aid  of  which  gravitation  is  enabled  to  separate  more  or  less 
perfectly  the  component  parts  of  heterogeneous  mixtures  of  mineral  and 
rock  fragments  are  principally  air  and  water  currents.  It  is  in  this 
connection  that  the  best  illustrations  of  the  principles  governing  mechan- 
ical concentration  occur. 

AIR  AND  WATER  CURRENTS 

With  the  aid  of  air  currents,  gravitation  causes  the  separation  of 
lighter  from  heavier  material,  of  smaller  from  larger  fragments,  of 
rounded  from  angular  grains,  etcetera.  The  material  which  the  wind 
is  capable  of  removing  is  more  or  less  completely  carried  away  and 
a  residuum  usually  remains.  Two  important  phases  of  the  general 
process  of  concentration  are  thus  illustrated:  first,  the  concentration 
of  material  that  is  left  as  residue,  owing  to  the  removal  of  certain 
varieties  of  material  previously  present,  and,  second,  the  accumulation  of 
the  material  removed  in  more  or  less  perfectly  graded  deposits. 

Examples  of  mechanical  concentration  in  which  air  currents  are  the 
controlling  agency  are  furnished:  first,  by  the  stones,  gravel,  etcetera, 
on  wind^denuded  areas,  as  desert  plains,  and,  second,  accumulations  of 
gravel,  sand,  and  dust,  which  are  formed  where  wind-transported  debris 
comes  to  rest.  This  comprehensive  and  important  process,  which  has 
been  in  operation  since  debris  first  became  dry  on  the  earth's  surface 
and  was  moved  by  the  wind,  corresponds  to  the  winnowing  of  chaff  from 
grain.  In  seeking  to  supply  a  knowledge  of  the  principles  governing 
eolian  concentration  as  an  aid  in  discovering  products  of  commercial 
importance,  not  only  the  piles  of  chaff  composing  dust,  soils,  sand  dunes. 
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etcetera,  should  be  examined^  but  Bearch  made  for  the  grain  left  on  wind- 
swept areas,  with  the  hope  of  discovering  gems  and  flakes  and  nuggets 
of  gold,  platinum,  and  other  heavy  metals  and  ores. 

An  important  adjunct  to  the  process  of  eolian  concentration  is  fur- 
nished by  explosive  volcanic  eruptions.  During  such  eruptions  the  ratio 
of  the  size,  weight,  and  shape  of  the  fragments  blown  into  the  air  to  the 
propelling  force  leads  to  an  assorting  of  the  debris  showered  on  the 
earth's  surface,  but  assisting  this  process,  and,  as  it  seems,  usually  assum- 
ing the  leading  role,  is  the  transporting  power  of  air  currents.  During 
the  operations  of  either  the  propelling  or  carrying  agency,  however,  the 
selective  power  of  gravity  may  be  credited  such  assorting  as  takes  place 
of  the  material  discharged. 

With  the  aid  of  water  currents,  gravitation  leads  to  the  selection  from 
heterogeneous  debris  of  certain  classes  of  material  for  transportation  and 
the  leaving  of  other  classes  of  material  as  residues.  Gonoentration  of 
material,  owing  to  the  removal  of  other  kinds  of  material  previously 
mingled  with  it,  through  the  combined  action  of  water  currents  and 
gravitation,  is  of  the  same  nature  as  the  similar  process  already  noted  in 
the  case  of  air  currents,  but  from  a  geological  point  of  view  is  vastly 
more  important.  Examples  of  residual  material  concentrated  through 
the  agency  under  consideration  are  furnished  by  the  boulders  and  stones 
in  stream  beds  and  on  the  beaches  of  the  ocean  and  of  lakes,  in  numerous 
now  abandoned  waterways  and  along  ancient  coast  lines. 

In  the  process  of  stream  and  current  transportation,  mineral  and  rock 
fragments  carried  in  suspension  or  rolled  and  pushed  along  the  bottom 
are  assorted  with  reference  to  size,  gravity,  and  shape  and  are  Anally  de- 
posited in  more  or  less  perfectly  assorted  accumulations.  Witnesses  to 
the  importance  of  this  process  are  furnished  on  every  continent  by  exten- 
sive beds  of  assorted  debris,  like  gravel,  sand,  clay,  etcetera,  and  by  thick 
and  extensive  strata  composed  of  consolidated  material  of  like  character. 
A  special  phase  of  the  process  is  illustrated  by  the  manner  in  which 
grains  and  nuggets  of  gold,  platinum,  cerussite,  etcetera,  are  concen- 
trated in  depressions  and  crevices  in  the  beds  of  streams  and  the  current- 
swept  shores  of  standing  water  bodies.  So  well  known  is  the  process 
referred  to  that  it  is  employed  in  many  ways  in  the  arts,  as,  for  example, 
the  separation  of  heavy  minerals  from  crushed  rock  on  the  concentrating 
tables  used  in  certain  metallurgical  operations. 

A  knowledge  of  the  laws  governing  transportation  by  water  currents 
and  the  secondary  or  associated  conditions  which  modify  their  operation 
is  of  prime  importance  in  searching  for  localities  where  fractional  parts 
of  former  heterogeneous  stream  loads  have  been  laid  aside.  The  practical 
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phases  of  this  far-reaching  principle  have  been  worked  out  in  detail  by 
the  placer  miner. 

Modifying  the  action  of  gravitation  in  its  selective  work  when  aided  by 
air  or  water  currents  is  at  times  the  physical  condition  of  the  surface 
over  which  the  currents  carry  debris.  Degree  of  roughness  is  here  an 
important  and  frequently  a  controlling  factor^  as  is  illustrated  by  the 
natural  riffles  which  catch  and  retain  grains  of  gold^  but  other  conditions 
may  favor  the  exercising  of  a  selective  preference.  Variations  in  molecu- 
lar attraction  or  adhesion  and  in  chemical  affinity  between  the  various 
fragments  transported^  or  between  the  material  carried  and  the  surface 
with  which  it  comes  in  contact^  are,  as  it  seems,  minor  phases  of  what  is 
in  the  main  a  mechanical  process.  The  selective  power  manifested  by 
mercury  for  gold  in  the  troughs  of  the  sluices  used  by  placer  miners  and 
the  peculiar  selective  property  that  grease  has  for  the  diamond,  as  illus- 
trated on  the  concentrating  tables  used  at  the  South  African  diamond 
fields,  should  lead  geologists  to  look  for  analogous  processes  under 
natural  conditions. 

JOB   CURRBNTB 

While  air  and  water  currents  furnish  the  chief  determining  or  qualify- 
ing conditions  which  cooperate  with  gravitation  in  bringing  about  the 
mechanical  concentration  of  debris,  at  least  analogous  results  are  pro- 
duced by  ice  currents.  Glaciers,  however,  have  but  little,  if  any,  selective 
or  assorting  power,  but  both  the  residue  they  leave — ^if  such  a  term  is 
permissible  in  reference  to  the  debris  they  sometimes  pass  over  without 
securing — ^and  the  deposits  they  make  are  characteristically  heterogene- 
ous. An  assorting  of  the  debris  composing  surface  and  marginal  mo- 
raines does  occur,  however,  owing  to  the  rolling  and  sliding  of  the  larger 
or  more  spherical  stones  present  on  steep  slopes,  and  a  rude  sort  of  con- 
centration is  brought  about  during  the  accumulation  of  moraines;  but 
these  minor  results  of  the  work  of  sluggish  and  inflexible  ice  currents  do 
not  require  consideration  at  this  time. 

FILTRATION 

Associated  with  the  transportation  of  debris  in  suspension  by  water 
currents  is  the  process  of  natural  filtration.  Although  this  process  has 
received  but  scant  attention  from  geologists,  its  functions  are  evidently 
of  vast  importance.  The  direct  influence  of  filtration  in  concentrating 
debris  or  in  leading  to  the  accumulation  of  material  of  economic  im- 
portance is  less  obvious  than  the  restraining  influence  it  exerts  on  the 


MECHANICAL   CONCENTRATION  9 

action  of  agencies  tending  to  remove  and  perhaps  redistribute  accumula* 
tions  of  debris  brought  about  in  various  other  ways. 

The  function  of  filtration  is  the  separation  of  solid  substances  in  sus- 
pension in  liquid  from  the  containing  liquid.  In  all  geological  processes 
of  this  nature  the  containing  liquid  is  water.  Land  areas  on  which  rain 
falls  may  be  considered  as  filters  of  vast  extent.  Eain  drops  on  striking 
the  ground  in  many  instances  disturb  fine  particles  on  which  they  im- 
pinge and  take  them  into  suspension.  In  f  act^  the  accumulated  rain 
drops  gather  into  surface  streams  which  bear  away  this  freight  of  silt, 
but  in  part  the  water  sinks  into  the  ground  and  is  filtered.  When  the 
filter  is  coarse  no  material  of  sufScient  fineness  to  form  soil  remains,  and 
barren  areas  of  angular  rocks,  boulder  pavements,  form  the  surface. 
When  the  filter  is  of  fine  texture,  however,  and  when  plants  assist  in 
binding  its  particles  together,  efficient  filtration  results,  as  is  abundantly 
proven  not  only  by  the  conservation  of  the  soil  present,  but  by  the  clear- 
ness of  the  springs  formed  when  the  filtered  water  emerges  once  more  at 
the  earth's  surface.  It  is  to  the  conservative  infiuence  of  filtration  that 
the  preservation  and  fertility  of  soils  is  largely  due.  By  this  same 
process,  also,  the  beds  of  streams  when  of  an  open  texture  are  rendered 
impervious.  In  such  instances  the  meshes  of  the  filter  become  clogged 
with  the  material  separated  from  the  water  which  percolates  through 
them. 

Downward  percolation  favors  the  solution  of  debris  previously  in  sus- 
pension at  the  surface  of  the  land.  Lateral  filtration,  especially  through 
mats  such  as  are  present  in  swamps,  is  also  an  important  process  leading 
to  the  concentration  of  silt  and  of  the  fractional  solid  products  arising 
from  the  maceration  of  organic  bodies. 

While  the  direct  infiuence  of  filtration  in  assisting  in  the  concentra- 
tion of  mineral  substances  of  commercial  value  awaits  detailed  investi- 
gation, the  suggestion  is  pertinent  that  in  certain  instances  the  retention 
at  a  given  locality  of  surface  precipitates,  as,  for  example,  bog  iron  ore, 
may  be  due  in  a  determinable  measure  to  lateral  filtration  through  vege- 
table mats.  Possibly,  also,  when  chemical  precipitates  are  formed  in 
fissures  or  other  openings  in  rocks,  filtration  in  certain  instances  may  be 
a  part  of  the  process  of  which  the  solid  particles  produced  are  prevented 
from  becoming  widely  disseminated. 

In  studying  the  infiuence  of  filtration,  it  needs  to  be  remembered  that 
there  is  but  an  indefinite  boundary  between  well  characterized  examples 
of  the  process  and  the  influence  of  obstruction  on  more  or  less  completely 
debris-charged  air  and  water  currents.    The  rushes  growing  in  a  stream 
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may  cause  sedimentation  by  checking  the  current  or  produ 
while  a  mat  of  sphagnum  might  lead  to  the  complete  clas 
percolating  water;  but  there  is  no  definite  boundary  betwi 
agencies,  so  far  as  their  physical  action  is  concerned. 

SEDIMENTATION 

In  the  brief  outline  just  given  of  the  functions  of  air  am 
rents  in  promoting  the  concentration  of  either  inorganic 
debris,  the  selective  process  performed  by  gravity  was  made 
This  same  group  of  changes,  visible  in  a  different  way,  has 
termed  sedimentation.  The  operation  of  currents,  however,  is 
essential  in  the  process  of  sedimentation,  although  imder  na 
tions  almost  always  present,  as  an  assorting  of  debris  in  si 
still  water,  takes  place.  In  still  water,  substances  of  less  sp€ 
than  the  water,  whether  fresh  or  saline,  rise  to  the  surface,  1 
ing  concentration,  which,  should  currents  be  present,  leads  to 
concentration,  as  in  the  eddies  of  streams,  in  ocean  currei 
Material  of  greater  specific  gravity  than  the  water  in  which  i 
pended  descends  under  the  pull  of  gravity  and  is  assorted,  in 
the  ratio  of  volume  and  weight.  A  like  result  follows  wh 
suspended  in  still  air  and  graded  layers  of  dust  and  of  dust-1 
result. 

In  the  case  of  heterogeneous  fragments  in  a  minute  state 
sion,  in  suspension  in  water,  other  conditions,  as  the  molecuL 
of  particle  by  particle,  the  chemical  nature  of  the  substances 
in  the  water,  and  their  relative  proportions,  and  yet  other  g 
well  understood  conditions,  as,  for  example,  in  reference  t< 
become  important  functions.  An  illustration  is  furnished  w 
deliver  fine  silt  in  suspension  to  the  ocean  and  flocculation  oi 
the  substances  in  solution  in  sea  water  occurs,  which  quickem 
sedimentation. 

The  importance  to  the  geologist  of  the  process  of  sediii 
leading  to  the  concentration  of  fractional  parts  of  previous 
neous  debris,  whether  inorganic  or  organic,  is  attested  by  th 
tions  that  are  present  on  the  floor  of  streams,  lakes,  and  the 
fact  that  like  results  have  been  attained  throughout  geologic 
made  evident  by  the  extensive  and  frequently  thick  strafta  of 
stone,  limestone,  etcetera,  and  by  similar  metamorphosed  s 
various  geological  terranes. 
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The  importance  to  industry  of  the  results  of  the  processes  of  concen- 
tration just  considered  is  illustrated  by  the  manifold  uses  of  stratified 
deposits  of  gravel,  sand,  and  clay,  by  a  large  class  of  building  stone, 
metals  obtained  from  placer  mines,  and  by  many  other  accumulations. 

MECHANICAL  CONCENTRATION  OF  LIQUIDS  AND  GA8E8 

In  the  above  outline  review  of  the  various  processes  by  which  mechani- 
cal agencies  lead  to  the  concentration  of  various  classes  of  products,  only 
matter  in  the  condition  of  a  solid  has  been  considered.  The  far-reaching 
principle  involved,  however,  applies  to  the  gathering  together  under  cer- 
tain conditions  of  liquids  and  gases.  The  extent  and  importance  of  this 
phase  of  the  subject  is  illustrated  not  only  by  lakes,  seas,  the  ocean, 
ground  water,  which  require  only  mention  at  this  time,  but  by  certain 
more  special  or  more  exceptional  occurrences,  such  as  the  accumulation 
of  petroleum  and  rock  gas  in  porous  terranes  beneath  impervious  and  at 
times  arched  roofs,  and  in  fissures,  caverns,  and  other  openings.  The 
process  of  concentrating  gases  heavier  than  air  at  the  earth's  surface  is 
exemplified  by  the  accumulation  of  carbon  dioxide  in  Death  gulch,  in  the 
Yellowstone  National  Park,  and  many  other  similar  instances  elsewhere. 

In  the  case  of  liquids  and  gases  concentrated  in  these  several  ways, 
either  at  the  earth's  surface  or  in  the  outer  portion  of  the  lithosphere,  it 
is  a  prerequisite  that  receiving  reservoirs  should  be  present,  but  in 
searching  for  the  dominant  principle  which  leads  to  the  transfer  of 
Uquids  and,  gases  from  one  locality  to  another  and  their  accumulation, 
particularly  in  commercial  quantities,  it  is  evident  that  gravitation  plays 
the  leading  part. 

BELSCTIVB  POWER  OF  GRAVITATION 

In  the  various  assorting  processes  controlled  principally  by  gravity  a 
selective  power  is  exercised  with  reference  to  certain  physical  properties 
and  the  ignoring  of  other  similar  properties.  For  the  most  part,  gravity 
takes  note  of  the  ratio  of  weight  and  volume,  but  in  part  makes  a  selec- 
tion in  reference  to  form,  and  again  derives  assistance  from  molecular 
attraction,  and  from  electrical  or  other  but  little  known  or  but  im- 
perfectly understood  conditions. 

In  a  negative  way  it  may  be  said  that  mechanical  processes  of  concen- 
tration take  no  account  of  chemical  composition,  crystalline  or  other 
structure,  or  of  color,  hardness,  or  elasticity,  except  so  far  as  their  prop- 
erties affect  size,  weight,  shape,  or  attraction  or  repulsion. 

Mechanical  concentration  is  in  brief  a  physical  process  leading  to  the 
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accumulation  of  solids^  liquids^  and  gases  with  certain  like  p 
properties. 

SPHERE    OF   INFLUENCE 

The  field  of  operation^  so  to  speak,  of  the  various  processes 
bring  about  mechanical  concentration  is  essentially  the  earth's  ( 
Included  in  it  are  the  lower  portion  of  the  atmosphere,  with  an 
nitely  defined  outer  limit,  the  waters  of  the  earth's  surface,  or  wl 
be  termed  the  free  hydrosphere,  and  the  outer  film  of  the  lithosphc 
some  small  extent  the  processes  in  question  perform  their  fund 
caves  and  fissures,  but  below  a  depth  of  a  few  score  meters  from 
face  of  the  lithosphere  the  conditions  on  which  their  activities 
cease  to  exist.  Former  land  surfaces  and  ancient  lake  and  ocei 
however,  are  now  in  many  instances  buried  beneath  subsequently 
aqueous  or  igneous  terranes,  and  ancient  mechanical  concentr 
present  far  below  the  present  surface  of  the  earth. 

Chemical  Concentration 
the  agencies  inyolyed 

The  processes  of  concentration  which  are  characteristically  of 
cal  nature  result  principally  from  solution  and  precipitation,  bi 
which  are  dominantly  chemical  changes,  such  as  sublimation,  cr 
tion,  replacement,  etcetera,  play  important  roles. 

SOLUTION 

Concentration  by  solution  results  in  two  classes  of  produc 
residue  or  the  fractional  parts  of  substances  acted  on  by  solvei 
remain  when  their  more  soluble  associates  are  removed  in  solu^ 
second,  the  material  entering  into  solution  which  may  or  mi 
more  highly  concentrated  than  during  its  previous  state,  but 
many  and  probably  most  instances  is  in  a  condition  favoring 
centration,  owing  to  precipitation  or  some  other  process. 

The  process  of  concentration  by  solution  under  natural 
includes  solvent  action  of  gases,  liquids,  and  solids;  but  for  tl 
only  the  part  taken  by  liquids,  and  still  more  strictly,  only  the 
water,  will  be  considered.  No  change  known  to  have  occun 
material  composing  the  earth  is,  perhaps,  more  important  or  ct 
it  such  far-reaching  geological  results  as  the  familiar  process  o 
The  underlying  principle  is  that  a  selective  action  is  brought 
since  the  solubility  of  various  substances,  as  it  seems,  has  as  wi 
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88  do  the  combined  physical  and  chemical  properties  of  all  the  substances 
entering  into  the  composition  of  the  earth. 

RBBIDUAL  OONCBNTRATES 

Owing  to  the  selective  power  of  water,  the  nniyersal  solvent,  certain 
substances  under  prescribed  conditions,  especially  of  temperature  and 
pressure,  are  taken  into  solution  and  carried  away,  leaving  in  many  in- 
stances other  substances  as  a  residue.  The  world-wide  importance  of  this 
process  is  forcibly  shown  by  the  abundance  throughout  many  extensive 
regions  of  residual  earth.  The  familiar  terra  rossa,  consisting  essen- 
tially of  iron-stained  clay,  no  matter  what  may  have  been  the  nature  of 
the  rock  from  which  it  was  derived,  is  evidence  that  the  process  of  select- 
ive solution  carried  on  by  percolating  water  aided  by  organic  acids  is  a 
most  important  agency  leading  to  the  disintegration  of  the  rocks  form- 
ing the  superficial  film  of  the  lithosphere  and  the  concentration  of  a  part 
of  the  resultant  debris. 

The  principle  illustrated  by  the  mode  of  origin  of  terra  rossa  applies 
to  many  other  substances,  some  of  them  of  great  industrial  value.  Among 
the  numerous  examples  that  might  be  selected,  none,  perhaps,  will  serve 
better  than  the  so-called  fossil  iron  ore  of  the  Clinton  formation  in  the 
Appalachian  region,  which  in  certain  important  instances,  if  not  in  all 
cases,  has  resulted  from  the  leaching  of  ferruginous  limestone ;  the  more 
soluble  constituents  of  the  rock  having  been  removed  in  solution,  leaving 
the  less  soluble  ferric  oxide  as  a  residual  concentrate.  Again,  in  the  lead 
and  zinc  mining  districts  of  the  Mississippi  valley  and  the  silver  and  gold 
fields  of  the  Pacific  mountains  and  elsewhere,  natural  concentration  pro- 
duced by  the  removal  of  the  more  soluble  constituents  from  mineralized 
rocks,  mineral  veins,  etcetera,  has  led  to  the  concentrating  of  residual 
minerals  and  ores  of  great  commercial  value. 

Knowing  the  process  by  which  residual  concentrates  are  produced  and 
the  nature  of  the  material  from  which  they  are  derived,  guides  are  fur- 
nished which  aid  in  the  search  for  rock  residuums.  Important  princi- 
ples in  this  connection  are :  The  process  goes  on  most  actively  where  rain 
IB  abundant,  the  temperature  high,  and  plant  life  luxuriant.  Each  of 
these  dominant  conditions,  as  a  further  analysis  would  reveal,  is  depend- 
ent on  other  conditions,  which  we  denominate  as  secondary,  none  of 
which  could  be  eliminated  without  seriously  impairing  the  results,  any 
more  than  the  smaller  wheels  or  cogs  in  a  watch  could  be  removed  with- 
out stopping  the  action  of  the  mainspring  or  other,  as  they  seem,  more 
essential  portions  of  the  mechanism.  Geographically,  the  process  of 
residual  concentration  through  the  action  of  chemical  agents  is  at  its 
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maximum  degree  of  eflBeiency  in  warm,  humid  regions,  an 
when  toward  the  region  of  less  mean  annual  temperature  o 
warmth  and  toward  regions  of  little  or  no  rainfall.  A  lik( 
but  dependent  on  variation  in  temperature  and  humidity,  is 
from  densely  plant-clothed  areas  to  either  hot  or  cold  deser 

Concurrently  with  the  production  of  residual  concentrate 
other  products  of  concentration,  in  order  that  important  sn 
may  result,  is  the  fact  that  concentration  must  progress  at  a 
than  the  process  of  removal  or  redistribution.  The  fact  that 
conditions  material  of  a  particular  kind  is  concentrated  carri( 
conclusion  that  at  the  same  or  other  localities  depletion  is 
concentrates  in  general  represent  the  net  result  or  algebraic 
results  of  agencies  tending  to  bring  like  kinds  of  matter  ti 
given  locality  over  the  results  of  the  same  or  other  agenciei 
dissipate  or  redistribute  material. 

Besidual  concentrates,  therefore,  in  order  to  be  extensive 
cially  important,  can  only  occur  in  regions  where  they  are  to 
ous  degree  shielded  from,  or  are  beyond  the  reach  of,  destr 
minishing  agencies.  Of  the  agencies  which  remove  surfa 
streams  and  glaciers  are  the  most  important.  As  the  pr 
residual  concentrates  goes  on  most  actively  in  regions  of  ab 
cipitation,  they  are  especially  liable  to  removal  through  tl: 
operations  of  streams,  but  derive  protection  from  the  vegeta 
present  in  such  localities.  In  going  from  regions  of  heavy  f 
to  regions  of  little  or  no  rain,  rock  decay  diminishes,  but  the 
the  rain  wash  and  streams  in  promoting  denudation  also  dir 
account  of  diminution  in  the  amount  of  water  available  to  d 
although  other  factors,  as  decrease  in  density  of  vegetation 
into  the  problem.  Although  the  conditions  are  highly  cc 
result  of  observation  seems  to  be  that  in  warm,  humid  regions 
and  consequently  the  concentration  of  residual  material,  is  ] 
be  in  excess  of  depletion,  owing  to  the  denuding  action  of  stn 
in  such  regions  that  the  prospector  looks  for  the  most  extensi 
concentrates,  although  even  at  present  the  most  arid  regior 
promises  of  rich  rewards. 

Of  the  agencies  tending  to  remove  residual  concentrates,  gl; 
most  thoroughly  and  most  efficiently.  So  generally  is  this  : 
that  no  well  informed  prospector  would  expect  to  find  co 
valuable  surface  concentrates  in  regions  scoured  by  glaciers  c 
logically  recent  times. 
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The  habitat,  so  to  speak,  of  residual  mineral  and  rock  fragments, 
which  are  left  when  the  more  soluble  associated  material  of  the  original 
rocks  is  removed,  is  the  surface  portion  of  land  areas  to  the  depth  of  the 
zone  of  weathering.  Below  the  surface  of  saturation,  or  the  water  table, 
solution  and  deposition  are  active  processes,  but  the  former  is  far  less 
prominent  than  the  latter,  and  leached  mineral  or  rock  masses  are  not 
prominent.  As  is  familiar  to  miners  the  world  over,  residual  and  ox- 
idized minerals  and  ores  are  limited  in  depth  by  the  upper  surface  of  the 
zone  of  saturation,  and  below  that  horizon  deposition  resulting  in  con- 
centration and  not  depletion  is  the  rule.  The  search  for  residual  concen- 
trates is  thus  limited  by  a  definite  and  easily  determinable  horizon, 
unless  a  recent  or  comparatively  recent  rise  of  the  level  of  ground  water 
has  occurred. 

SURFACE  AND  SUBSURFACE  PRECIPITATES 

The  substances  taken  into  solution  by  percolating  water  in  the  zone  of 
weathering  present  great  variety.  In  fact,  all  known  chemical  elements 
are  present  in  greater  or  less  abundance  in  surface  and  subsurface  water. 
The  zone  of  weathering  may  truthfully  be  said  to  be  a  vast  laboratory  in 
which  the  concentration  of  mineral  matter  is  brought  about  not  only  on 
account  of  chemical  inertia  at  the  temperatures  present,  as  in  the  pro- 
duction of  residual  concentrates,  but  a  great  variety  of  chemical  precipi- 
tates also  result  and  furnish  examples  of  concentrated  material  fre- 
quently of  great  commercial  importance. 

EVAPORATION 

The  concentration  of  mineral  matter  other  than  residual  material,  at 
the  earth^s  surface  and  in  the  zone  of  weathering,  through  the  dominant 
agency  of  chemical  processes  results  principally  from  evaporation,  de- 
crease in  temperature,  and  chemical  reactions. 

Evaporation  leads  to  the  precipitation  of  mineral  matter  from  water 
solutions  to  some  extent  while  the  water  is  in  the  zone  of  weathering,  but 
principally  from  surface  water,  in  part  returned  to  the  surface  after 
short  subterranean  journeys,  as  from  the  surface  of  the  land  and  from 
streams,  lakes,  seas,  and  the  ocean.  Besulting  from  this  process,  which  is 
coextensive  with  the  earth's  surface,  many  and  important  chemical  con- 
centrates are  produced.  As  a  rule,  the  substances  laid  aside  in  this  man- 
ner, in  more  or  less  well  defined  accumulations,  are  such  as  are  readily 
soluble,  but  are  present  in  such  abundance  that  evaporation  quickly  pro- 
duces a  state  of  saturation,  as,  for  example,  in  the  case  of  calcium  car- 
bonate, sodium  chloride,  and  sodium  sulphate. 
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Water  in  the  zone  of  weathering  is  either  under  the  dom 
of  gravity,  as  when  it  occurs  in  fissures,  caverns,  etcetera,  oi 
interspaces  between  the  pebbles  or  grains  of  gravel  or  sand 
response  to  the  pull  of  gravity  exerted  directly  or  indirect 
form  of  hydraulic  pressure,  or  adheres  to  the  solids  presen 
by  them  as  surface  films,  owing  to  molecular  attraction.  Ii 
as  it  appears  universally,  the  free  water  content  of  cellula 
rocks  is  not  saturated  with  any  of  the  substances  it  cont 
tion,  and  evaporation  does  not  lead  to  precipitation.  When, 
free  water  percolates  away,  leaving  only  films  of  water  ad] 
surfaces  of  the  solids  present,  evaporation  is  favored  and  al 
matter  contained  in  the  water  films  is  frequently  precipi 
process  of  subsurface  evaporation  goes  on  most  actively  ad; 
surface  of  land  areas  and  decreases  essentially  in  arithmet 
increase  in  depth.  It  is  most  active  in  open  textured  rockSj 
boulders  and  pebbles,  and  decreases  inversely  with  diminutic 
lular  condition  of  the  containing  terranes.  By  this  process 
are  formed  which  incrust  the  surface  of  the  solids  present 
case  of  terranes  composed  of  sand  grains,  pebbles,  etcetera, 
stances  increases  in  volume  until  the  fragments  are  cements 
favorable  conditions  the  interspaces  are  completely  filled. 

The  process  of  subsurface  concentration  just  outlined  is  i 
conspicuous  manner  by  climatic  conditions,  and  especially  I 
of  humidity  and  temperature.  Its  results  are  most  conspi 
gions  of  small  rainfall  and  of  high  temperature,  and  espc 
periodic  or  occasional  rains  occur  in  regions  of  high  mean  a] 
sonable  temperature,  and  are  less  common  in  cold,  humid  i 
amples  of  the  growth  of  this  process  are  furnished  by  the  c( 
surface  crusts  or  alkaline  hard-pans  of  arid  regions  and 
cemented  gravels  occurring  near  the  surface  in  humid  regie 

A  delicate  adjustment  .between  the  conditions  favoring  sul 
centration  by  evaporation  and  the  removal  of  the  precipitat 
solution  is  frequently  manifest  by  the  deposits  in  question, 
of  small  rainfall  the  precipitates  which  may  be  termed  perei 
such  readily  soluble  substances  as  sodium  sulphate  and  C8 
calcium  sulphate,  but  in  more  humid  regions,  where  the  vo! 
colating  water  is  greater,  such  salts  are  usually  eliminated  a 
abundant  calcium  carbonate  alone  remains.  A  still  more  del 
ment  of  the  same  nature  is  frequently  illustrated  in  hui 
where  in  many  instances  incrustations  of  calcium  carbonate 
cipally  or  wholly  on  the  under  surfaces  of  the  pebbles  ai 
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gTBYel  depoBitSy  it  being  in  such  situation  that  the  Bolvent  action  of  per- 
colating water  is  least  and  where,  also,  the  conditions  favoring  precipitai- 
tion  from  slowly  percolating  water  are  more  favorable. 

The  process  of  subsurface  concentration  of  mineral  matter,  owing  to 
evaporation,  leads  to  the  hardening  of  rock  outcrops,  the  production  of 
efflorescence,  gypsum  rosettes,  similar  incrustations  in  caverns,  and  is  a 
factor  favoring  the  growth  of  stalactites  and  stalagmites. 

The  process  of  concentrating  readily  soluble  minerals,  owing  to  the 
evaporation  of  water  from  the  surface  of  the  land,  is  illustrated  by  the 
efflorescence  which  forms  in  desert  regions,  where,  owing  to  the  drying  of 
porous  material,  water  is  drawn  from  below  the  surface  by  capillary 
action  and  the  mineral  matter  it  holds  in  solution  is  precipitated  as  the 
water  evaporates.  This  snow,  as  it  appears  when  viewed  from  a  distance, 
of  hot  arid  lands,  frequently  contains  sodium  chloride,  sulphate  and  car- 
bonate, as  well  as  boracic  acid,  calcium,  etcetera,  and  is  at  times  of  com- 
mercial value. 

The  rise  and  outflow  of  previously  subsurface  water  from  springs  leads 
to  important  changes  in  the  conditions  exerting  an  influence  on  the  sol- 
vent power  of  the  emerging  waters  which  favor  concentration  of  mineral 
matter  in  a  variety  of  ways.  Decrease  of  pressure,  freedom  of  escape  for 
dissolved  gases,  decrease  in  temperature  of  water  which  comes  from  a 
considerable  or  great  depth,  and  a  rise  in  temperature  from  the  water  of 
hillside  springs  (the  latter  favoring  the  precipitation  of  calcium  car- 
bonate), exposure  to  the  air  thus  preventing  oxidation,  and  most  of  all 
the  emergence  of  the  water  into  the  light,  thus  favoring  in  a  high  degree 
the  growth  of  living  organisms,  and  particularly  of  algse,  lead  to  the 
formation  of  abundant  concentrates,  the  most  common  of  which  are  cal- 
cium carbonate,  silica,  gypsum,  iron  oxide,  inorganic  acids,  etcetera.  In 
this  complex  process  evaporation  is  an  important  factor,  particularly  in 
the  precipitation  of  silica  by  hot  springs  and  geysers. 

During  the  transit  of  surface  water  supplied  in  part  by  springs  and 
seepage  to  inclosed  lakes  and  the  ocean,  concentration  by  evaporation 
continues,  although  precipitates  from  this  cause  in  streams  seem  seldom, 
if  ever,  to  be  found. 

The  waters  of  streams  on  reaching  inclosed  lakes  or  inland  seas  evap- 
orate and  the  mineral  matter  they  contain  is  concentrated.  Frequently, 
as  is  well  known,  this  process  leads  to  precipitation  and  the  formation  of 
deposits  of  calcium  carbonate  and  calcium  sulphate.  A  similar  process 
operates  in  lagoons  shut  off  from  the  ocean,  and  the  ocean  itself  is  a  vast 
evaporating  jar  in  which  brine  is  concentrated  both  locally  and  under 
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exceptional  conditions,  and  the  point  of  concentration  and  depositii 
any  of  the  substances  present  in  solution* 

In  the  process  just  outlined,  concentration  by  evaporatioii  is  the 
ing  control,  but  chemical  reactions,  life,  and  variation  in  tempei 
escape  of  gases  which  enhance  the  solvent  power  of  water,  and  oQk 
ditions  exert  important  influences. 

Of  the  secondary  conditions,  variation  in  temperature  has  recei^ 
attention  than  perhaps  any  of  the  other  modifying  conditionfi  e 
ated,  but  its  importace  is  indicated  on  a  grand  scale  by  the  preci} 
of  sodium  sulphate  from  the  waters  of  Great  Salt  lake  during  the 
lence  of  abnormally  cold  seasons. 

The  escape  of  gases  from  water  when  pressure  is  relieved,  aa 
case  of  springs  which  have  their  sources  deep  in  the  earth,  or  when 
surface  of  exposure  to  the  air  is  brought  about,  as  in  water  per 
into  caverns,  is  also  an  important  and  at  times  a  controlling  fact 
ing  to  precipitation.  The  best  known  illustration  of  this  procei 
escape  of  carbon  dioxide,  which  when  present  in  water  gives  it  e 
power  to  hold  calcium  bicarbonate  in  solution.  The  critical  stud 
process  from  a  geological  point  of  view,  and  concermng  other 
addition  to  carbon  dioxide,  remains  to  be  undertaken,  but  gives 
of  furnishing  instructive  information. 

The  results  of  concentration  by  evaporation  fall  into  two  groi 
of  which  may  be  of  commercial  value.  Solids  are  precipitated  f  i 
tions  which  themselves  remain  as  liquid  concentrates  or  mothe: 
and  while  yet  in  the  open  evaporating  pans  in  which  they  were 
are  n  some  instances  of  economic  importance  as  well  as  of  scient 
est.  A  place  is  thus. provided  in  our  general  scheme  of  classif 
natural  concentrates  for  the  brines  of  dead  seas  and  buried  salu 
in  some  instances  rich  in  bromides,  iodine,  etcetera,  as  well  as 
gypsimi,  anhydrite,  and  for  saline  deposits  of  varied  characte: 
are  mined  at  Stassfurt.  The  geographic  distribution  of  the 
liquid  products  of  concentration  resulting  from  evaporation  - 
present  at  the  surface  of  the  earth  is  controlled  mainly  by  the  d 
of  solar  heat  and  of  precipitation.  The  conditions  favoring  tb 
tion  and  preservation  increase  from  locality  to  locality  with  i 
mean  annual  temperature  and  with  decrease  in  precipitation, 
the  requisite  conditions  of  relief  of  siurface,  such  as  the  presi 
closed  basins,  are  present.  With  a  knowledge  of  the  clizaatic 
essential  to  the  production  of  concentrates  by  evaporation  i 
nature  of  the  receptacles  required,  a  means  is  furnished  for  d 
the  conditions  under  which  buried  fossil  salts  and  brines  of  si 
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acter  were  produced.  In  this  maimer  ancient  concentrates  serve  a  pur- 
pose analogous  to  that  supplied  by  plant  and  animal  fossils  in  determin- 
ing the  nature  of  former  climatic  oscillations.  In  attempting  to  apply 
this  principle,  however,  it  should  be  remembered  that  during  early  geo- 
logical eras  the  earth's  interior  heat  may  have  played  the  role  now 
assigned  to  solar  heat,  and  also  that  throughout  tiie  time  embraced  in 
geological  history  the  residual  heat  of  lava  beds  may  have  produced 
similar  results. 

Of  the  concentrates  resulting  mainly  from  evaporation  at  the  earth's 
surface  as  in  the  zone  of  weathering,  the  next  class  in  order  of  abundance 
after  the  brines  and  salts  contains  the  products  resulting  from  the  evapo- 
ration of  petroleum. 

Petroleum,  when  occurring  in  quantities  of  commercial  importance,  is, 
as  previously  stated,  a  result  of  mechanical  concentration,  but  when 
evaporated  under  natural  conditions  yields  gases,  semi-solids,  and  solids. 
The  gases  may  be  widely  diffused  in  rocks  as  in  the  air,  or  concentrated, 
according  to  the  presence  or  absence  of  collecting  or  storage  reservoirs. 
The  residues,  either  in  a  liquid  or  solid  condition,  left  by  the  evapora- 
tion of  the  more  volatile  portions  of  the  original  fluid,  remain  in  the 
cavities  and  fissures  of  greater  or  less  size,  or  more  or  less  completely 
saturate  porous  rocks  in  the  superficial  portion  of  the  earth's  crust,  or 
are  produced  at  the  surface.  The  residues  resulting  from  the  evapora-  • 
tion  of  petroleum  constitute  the  naphthas,  mineral  tar,  asphaltum,  ozoke- 
rite, grahamite,  albertite,  etcetera. 

In  this  connection,  again,  a  knowledge  of  the  mode  of  concentration 
by  which  fractional  parts  of  previously  more  complex  or  more  hetero- 
geneous material  are  segregated,  aided  by  a  knowledge  of  the  nature  and 
kinds  of  receptacles  necessary  for  the  storage  and  preservation  of  the 
concentrates  produced,  is  an  aid  in  the  search  for  commercially  valuable 
deposits  of  the  nature  just  considered. 

SUBLIMATION 

Analogous  to  the  pit>ce88  of  evaporation  is  the  process  of  sublimation, 
whereby  matter  is  changed  from  a  solid  to  a  vaporous  condition  without 
alteration  in  composition  and  redeposited  as  a  solid  when  the  tempera- 
ture is  sufficiently  lowered.  The  process  of  sublimation  as  commonly 
recognized,  and  so  far  as  its  geological  action  is  concerned,  requires  a 
high  temperature  in  reference  to  the  sxm-derived  heat  of  the  earth's  sur- 
face, the  source  of  which  is  the  earth's  interior.  The  heat  is  transferred 
to  the  earth's  surface  as  a  part  of  the  functions  of  volcanoes,  and  the  sub- 
stances sublimed  may  be  considered  as  by-products  of  volcanic  activity. 
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The  most  common  geological  deposits  which  owe  their  concent 
to  the  process  under  consideration  (not  at  present  considering  wat€ 
part  of  the  category  or  attempting  to  strictly  define  snblimatioi 
physical-chemical  process)  are  sulphur,  arsenic,  mercury,  et 
Owing  to  the  high  temperatures  present  in  volcanoes,  inclusive  o: 
funnels  and  solfatara  stages,  and  the  variety  of  substances  usuall; 
ent,  the  chemical  activity  is  conspicuous,  and  it  is  difficult  to  differ 
the  concentrates  resulting  from  sublimation  simply  from  the  resul 
duced  by  chemical  reactions,  evaporation,  etcetera.  For  the  pre 
least  it  seems  best  from  a  geological  point  of  view  to  make  a  speci 
of  the  concentrates  resulting  from  the  direct  action  of  the  earth'i 
nal  heat,  when  transposed  to  the  earth's  surface,  and  term  these 
rolic  and  solfataric  products.  The  concentrates  of  this  class  p: 
essentially  in  the  absence  of  water,  except  in  the  condition  of  ste 
analogous  to  hot-spring  deposits,  in  the  production  of  which  the 
internal  heat  is  the  dominant  agency,  in  association  with  water, 
the  concentrates  formed  in  connection  with  f umaroles  and  solf ata 
be  considered  as  the  products  of  hot^gM  springs.  In  a  manner 
to  the  way  in  which  the  deposits  from  hot-water  springs  grade  ir 
forms  of  aqueous  deposition,  so  the  fumarolic  deposits  merge  wi 
accumulations  resulting  from  the  action  of  volcanic  heat  at  the 
or  in  the  rocks  through  which  the  conduits  of  volcanoes  pass. 

Another  phase  of  volcanic  activity,  which,  however,  can  at  pi 
considered  but  briefly,  is  the  concentration  of  gases  arising  from 
association  of  the  elements  of  substance  exposed  to  the  high  tern 
prevailing  in  volcanic  vents.  By  this  process  various  gases  resul 
example,  hydrogen,  oxygen,  nitrogen,  ammonia,  etcetera,  anc 
acids  in  a  gaseous  condition ;  but  in  general  and  perhaps  alwa; 
as  the  geologist  is  especially  concerned,  these  concentrates,  owin, 
great  chemical  activity,  and  also,  as  a  nearly  universal  rule,  th 
of  suitable  reservoirs  in  which  they  can  accumulate  and  be  pei 
stored,  do  not  demand  attention  as  geological  deposits. 

CHEMICAL  REACTION  RESULTING  IN  PRECIPITATION 

A  highly  varied  group  of  natural  chemical  concentrates  hi 
principal  or  controlling  agency  leading  to  their  productioi 
termed  chemical  reaction,  or  the  mutual  disassociation  of  th< 
in  two  or  more  compounds  when  brought  into  intimate  relation 
another  under  certain  conditions  of  temperature,  pressure,  etc 
the  production  of  one  or  more  new  compounds  which  may  se 
and  be  placed  by  themselves.    For  example,  if  a  water  solutic 
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ing  ferric  carbonate  is  exposed  to  the  air,  the  iron  at  normal  surface  tern* 
peratnies  and  pressures  will  exchange  its  carbon  dioxide  for  oxygen  and 
be  precipitated  as  ferric  oxide.  In  other  words,  there  is  the  process  in 
nature  whereby  chemical  precipitation  leads  to  the  concentration  of 
ferric  oxide. 

The  example  cited  above,  of  the  precipitation  of  ferric  oxide,  is  a 
chemical  process,  normal,  as  one  may  say,  to  the  established  order  of 
physical  conditions  of  the  outer  earth.  Hence,  together  with  other  simi- 
lar or  analogous  instances  in  which  the  bringing  of  bodies  or  volumes  of 
material  into  intermediate  association  leads  to  the  precipitation  or  segre- 
gation of  one  form  of  matter  apart  from  other  forms,  it  may  be  termed 
concentration  owing  to  chemical  reactions. 

In  an  extension  of  our  classification  indicating  methods  of  concentra- 
tion the  subdivisions  of  the  results  of  chemical  precipitation  may  be  based 
on  the  nature  of  the  products  or  on  the  processes  included  in  this  concen- 
tration. Suggestive  categories  may  be  formed  by  each  of  these  methods, 
but  for  our  present  purpose  and  for  the  sake  of  economizing  space  subdi- 
visions based  on  the  major  features  of  the  processes  involved  are  here 
considered. 

Chemical  reactions  resulting  in  the  concentration  and  preservation  of 
various  forms  of  mineral  matter  take  place  in  nature  in  the  main  by  the 
(1)  union  of  gases  with  gases,  (2)  the  union  of  liquids  with  liquids; 
and  here  we  include  the  union  of  substances  or  ions  in  solution  (3)  by 
the  union  of  gases  with  liquids  or  solids  and  by  the  union  of  liquids  with 
gases  or  solids.  The  significant  result  of  these  various  imions,  so  far  as 
the  present  discussion  is  concerned,  is  that  solids  of  specific  composition 
are  produced  which  may  be  reckoned  as  geological  concentrates. 

1.  The  interaction  of  gases  with  gases  in  nature  causes  the  precipita- 
tion of  such  substances  as  ammonium  chloride,  borates  of  the  alkaline 
earths,  sodium  carbonate,  ferric  chloride,  and  a  variety  of  other  products, 
some  of  which  are  of  commercial  importance.  These  substances  when 
deposited  in  and  about  volcanic  conduits,  as  already  stated,  are  commonly 
associated  with  the  products  of  sublimation,  and  the  two  classes  have 
been  tentatively  classed  as  fumarolic  concentrates. 

2.  The  reactions  between  substances  in  solution,  or,  as  is  perhaps  a 
more  accurate  statement,  the  afiBnity  between  different  ions  when  sub- 
stances are  in  solution,  is  the  fimdamental  factor  in  chemical  concentra- 
tion. Principally,  however,  at  or  near  the  earth's  surface,  chemical 
unions  which  lead  to  the  precipitation  of  solids  from  solutions  are  con- 
trolled in  a  conspicuous  manner  by  temperature  changes,  evaporation, 
relief  of  pressure,  escape  of  gases  from  solutions,  vital  processes,  etcetera. 
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certain  results  of  which  have  already  been  cited  and  others  will 
attention  later.    After  recognizing  the  results  of  these  various  pn 
there  remain  pertain  precipitates  that  result  from  the  comming! 
waters  with  different  chemical  constitutions^  which  may  be  teniu 
centrates  due  to  chemical  reactions. 

The  surface  waters  of  the  earth  are  dilute  chemical  solutions, 
their  mingling^  as  when  two  streams  join,  springs  are  tributary  t 
etcetera,  no  recognizable  precipitates  are  formed.  In  inland  laJ 
the  ocean,  direct  chemical  precipitation  not  dominated  by  conceD 
by  evaporation,  by  vital  action,  or  other  processes  recognized 
schedule  are  of  such  minor  importance  that  no  characteristic  e: 
seem  recognizable.  In  the  laboratory  of  the  outer  film  of  the  lith 
or  the  zone  of  weathering  through  which  weak  chemical  soluti 
passing,  but  linger  for  shorter  periods  than  is  the  case  at  the 
above  or  the  zone  of  cementation  below,  precipitation  on  ace 
chemical  reactions  is  in  general  of  minor  importance.  Such  su 
as  certain  salts  of  iron,  copper,  zinc,  etcetera,  and  silica  and  a 
cates,  etcetera,  which  are  formed  are  closely  associated  with  the 
left  from  solutions  and  in  general  may  be  classed  with  them, 
portion  of  the  lithosphere  below  the  zone  of  weathering,  as  will 
later,  chemical  reactions  under  the  influence  of  energetic  phys 
ditions  become  of  paramount  importance. 

3.  The  union  of  liquids,  or,  more  precisely,  of  water  with  sol 
its  chief  field  of  activity  in  the  zone  of  weathering,  and  is  illus 
the  hydration  of  certain  minerals,  as,  for  example,  the  change 
drite  to  gypsum  and  the  alteration  that  certain  of  the  feldspai 
ence.  Belief  of  pressure  accompanied  by  the  pressure  of  wati 
rocks  experience  when  they  pass  into  the  zone  of  weathering,  owi 
removal  of  previous  incumbent  terranes,  seems  to  be  the  leadi 
in  this  change.  Although  hydration  is  of  importance  in  the  stt 
disintegration  of  rocks  and  is  an  agency  in  preparing  materia 
chanical  concentration,  as  a  direct  process  leading  to  the  ti 
material  from  one  place  to  another  which  is  in  more  or  less 
isolation — that  is,  as  true  concentration — ^it  does  not  seem  to  pi 
portant  role. 

Physical-chemical  Coxcenteation 

The  zone  of  weathering  has  been  likened  to  a  chemical  lab 
which  great  results  are  produced.  The  operations  carried  on  : 
ever,  are  such  as  require  for  the  most  part  low  and  nearly  un] 
peratures  and  correspondingly  small  and  nearly  constant  presj 
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exceptions  are  in  assoeii^on  with  the  outward  migration  of  heated 
waters  or  of  magmas  from  deep  within  the  earth.  It  is  in  the  inner 
earth  from  which  the  igneous  rocks  now  at  the  surface  have  migrated 
that  the  earth's  great  physical-chemical  laboratory  is  located  and  those 
geological  processes  requiring  high  temperatures  and  great  pressure  are 
carried  on.  In  the  lithosphere  below  the  zone  of  weathering  two  im- 
portant diyisions  in  reference  to  the  processes  of  concentration  may  be 
recognized — an  outer  zone^  in  which  water  may  exist  in  cavities  and  also 
because  the  temperature  is  not  sufiSciently  high  to  reach  the  critical  tem- 
perature aboTe  which  the  elements  of  water  are  disassociated,  and  an 
inner  zone,  or  the  earth's  oentrosphere,  in  which  these  conditions  are 
rererBed* 

The  zone  beneath  the  zone  of  weathering  is  a  zone  of  saturation, 
whose  waters  linger  or  in  general  migrate  but  slowly,  and  where  also 
temperatures  are  high  and  pressure  enormous  and  progressively  increasing 
with  depth.  Under  these  conditions  the  chemical  reactions  are  favored 
and  the  results,  so  far  as  concentration  of  mineral  matter  is  concerned, 
are  free  from  the  complications  that  arise  when  evaporation,  sublimation, 
and  influences  of  life  are  active.  This  zone  is  thus  especially  favorable 
for  the  production  of  mineral  concentrates  through  the  process  of  chemi- 
cal reaction,  as  has  already  been  emphasized  by  Van  Hise,  who  has 
named  it  the  zone  of  cementation.  In  the  zone  of  cementation  cool  de^ 
ficending  waters  meet  and  commingle  with  heated  ascending  waters,  and 
lateral  migration  of  solutions  involving  changes  of  temperatures  and 
pressure  also  occur.  The  fact  that  in  this  zone,  which  is  in  a  condition 
of  saturation^  the  water  present  is  under  pressure  and  subject  to  the 
laws  of  hydrodynamics,  and  in  consequence  will  move  from  regions  of 
greater  to  regions  of  less  pressure,  irrespective  of  direction,  is  sometimes 
lost  sight  of.  Possibly  also  in  the  case  of  highly  heated  and  saturated 
rocks  the  principal  goveming  the  diffusion  of  solutions  through  mem- 
branes or  endoemosis  may  play  a  part  in  the  migration  of  matter. 

Under  the  general  conditions  named — ^that  is,  high  temperature,  satu- 
ration, slow  movement  of  water,  and  hence  abimdant  time  for  chemical 
processes  to  act  and  great  pressure — ^the  one  thing  that  controls  con- 
centration is  the  presence  of  suitable  receptacles  in  which  the  materials 
precipitated  may  be  accumulated  and  preserved.  Such  receptacles,  as 
is  attested  by  mineral  veins,  are  furnished  by  cavities  in  the  rocks« 
When  the  cavities  are  small  and  in  general  evenly  distributed,  we  term 
the  process  of  concentration  of  mineral  matter  cementation.  When  the 
cavities  are  larger  and  cave-like  in  character,  geodes  and  agates  result. 
When  the  cavities  are  produced  by  fracture  and  open  fissures  result^ 
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their  filling  results  in  the  formation  of  fissure  veins.  In  case  so] 
furnishes  th^  requisite  receptacle,  which  in  general,  as  it  seemB,  be 
filled  as  rapidly  as  formed,  concentration  by  replacement  results. 

The  great  group  of  concentrates  just  referred  to  results  from  ch< 
precipitation  under  the  direct  and  immediate  control  of  physica 
ditions,  chief  among  which  are  variations  in  temperature  and  pD 
So  complex  are  the  conditions  leading  to  the  filling  of  cavities 
zone  of  cementation  and  so  little  are  they  understood  that  it  dc 
seem  practicable  to  classify  the  results  in  terms  of  the  agem 
operation.    In  order  to  make  convenient  subdivisions  among  the 
produced,  resort  must  seemingly  be  had  to  the  character  of  the 
tacles  in  which  concentrates  have  been  placed,  as  has  been  done  in 
fying  mineral  veins,  geodes,  agates,  amygdules,  etcetera,  or  e 
mineral  composition  of  the  concentrates  themselves  employed  f o] 
purpose  and  various  ores  and  mineral  deposits  recognized.    As 
known^  each  of  these  methods  has  been  employed,  but  without  f  < 
tion  of  a  definite  system  of  classification. 

In  the  zone  of  cementation,  as  has  been  mentioned,  the  tem| 
is  normally  below  the  critical  temperature  for  water.  A  higher  t 
ture,  especially  if  the  fusion  of  rock  results,  leads  in  general 
diffusion  and  not  to  the  concentration  of  mineral  matter.  Under 
conditions,  however,  when  heterogeneous  material  is  in  a  fused  cc 
or  when  part  of  a  magma  crystallizes,  leaving  other  portions  stil 
gravitation  may  lead  to  the  separation  of  lighter  from  heavier  i 
or  to  the  settling  of  solid  products  from  a  cooling  magma,  or  f roi 
which  decrease  of  pressure  has  favored  partial  crystallization.  T 
processes,  although  distinct,  depend  on  selective  gravitation  f 
progress  at  the  same  time.  The  nature  of  the  magmas  compc 
earth's  highly  heated  interior  is  known  in  part  from  the  stud 
extrusions  of  plastic  or  liquid  rock  discharged  by  volcanoes 
general  it  is  only  the  cooled  and  cr3rstallized  material  which  wa 
in  the  earth's  centrosphere  and  has  been  forced  outward  that  is 
for  examination. 

The  study  of  igneous  rocks  has  shown  that  concentration  d 
process  of  cooling  has  resulted  in  the  formation  of  mineral 
general  these  are  not  gathered  into  groups  or  masses,  but  dist 
through  the  rock.  The  layers  of  the  disseminated  conceni 
crystals  of  various  minerals,  and  the  ones  of  commercial  value 
cipally  feldspar  and  certain  gems.  In  certain  instances,  he 
in  the  case  of  pegmatite  veins,  original  concentration  from 
seems  to  have  occurred;  but  even  in  these  instances  later  con 
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through  the  agency  of  highly  heated  percolating  water  seemB  to  have 
followed.  In  fact,  it  seems  inadvisable  at  present  to  attempt  to  draw 
a  dividing  line  between  the  results  of  crystallization  and  segregation  of 
minerals  directly  from  magmas  and  subsequent  concentration,  owing 
to  the  action  of  percolating  heated  water  while  the  mass  was  slowly 
cooUng.  These  two  processes  must  grade  one  into  the  other  and  their 
results  merge  in  a  complete  manner. 

Magnetic  s^regation,  during  which  the  heavier  minerals  crystallizing 
out  of  a  magma  migrate  toward  the  bottom  of  the  mass  and  lighter 
minerals  toward  its  summit,  or  outer  portion,  appears  to  be  a  fimda- 
mental  principle  which  should  lead  to  the  production  of  definite  concen- 
tration. Examples  of  this  method  appear  to  be  furnished  at  the  Sud- 
bury district,  Canada,  as  described  by  Colman. 

■ 

Vital  Conobntration 

THB  AGBNOIBB  INVOLVED 

In  attempting  to  briefly  review  the  various  ways  in  which  living 
organisms  lead  to  the  concentration  of  mineral  matter,  two  divisions 
should  be  made — one  to  include  what  may  be  termed  the  geological 
work  of  plants,  and  the  other  to  embrace  the  similar  functions  performed 
by  animals.  Under  each  of  these  divisions  the  composition  of  the  sub- 
stances segregated  suggest  subordinate  headings.  For  the  sake  of  econo- 
mizing space,  however,  only  certain  typical  examples  will  be  cited. 

The  principal  substances  of  geological  importance  segregated  by  plants 
and  animals  as  a  part  of  their  vital  functions  are  carbon,  silica,  and 
calcium  carbonate;  but  a  more  extended  analysis  would  include  potash, 
soda,  magnesia,  sulphur,  iodine,  etcetera. 

CARBON 

In  the  whole  range  of  selective  functions,  either  inorganic  or  organic, 
under  review,  perhaps  no  better  illustration  is  furnished  of  the  prin- 
ciple made  prominent  in  this  address  than  by  the  manner  in  which  land 
plants  decompose  the  carbon  dioxide  of  the  air  and  fix  the  carbon  in 
their  tissues.  This  process  of  obtaining  carbon  from  an  invisible  gaseous 
source  and  giving  it  a  solid  form  is  the  mainspring  of  a  great  series 
of  geological  as  well  as  of  industrial  results.  The  processes  by  which 
peat  beds  and  other  accumulations  of  carbon  are  produced  are  too  well 
known  to  be  discussed  in  detail  at  this  time.  An  important  auxiliary 
principle  of  wide  application,  of  necessity  operating  in  conjunction  with 
the  principle  of  concentration,  however,  is  perhaps  best  illustrated  by 

III — ^BuLL.  OaoL.  See.  Am.,  Vol.  18,  1906 
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the  deposit  of  carbon  in  question — ^that  is^  the  fact  that  accumulations 
of  material  must  be  present  or  their  conservation  insured  f  or^  in  general, 
a  great  length  of  time  in  order  to  be  of  geological  or  economic  impor- 
tance. Methods  of  preservation  thus  become  only  secondary  in  importance 
to  the  methods  of  primary  concentration*  In  the  case  of  carbon,  accumu- 
lations are  made;  this  concentration  is  promoted  in  several  ways,  promi- 
nent among  which  is  submergence  in  water,  which,  as  a  part  of  the 
process,  is  rendered  to  a  conspicuous  degree  antiseptic  by  reason  of  certain 
products  of  organic  origin,  as  is  well  known  in  the  case  of  the  amber- 
colored  water  of  swamps;  still  longer  preservation  is  involved  when 
peat-bog,  drift  timber,  etcetera,  become  buried  beneath  sediment  or 
other  deposits,  which  serve  to  compress  it  as  well  as  exclude  the  ravenous 
oxygen.  Another  important  method  of  preservation,  and  one  to  which 
but  little  heed  has  been  given,  is  illustrated  in  the  vast  tundras  of  another 
latitude,  where  vegetable  matter  comparable  in  volume  with  that  of  our 
largest  coal  fields  has  it  decay  arrested  by  low  temperature.  The  incipient 
coal  beds  of  the  tundra  marshes  owe  their  preservation  literally  to  a 
process  of  cold  storage.  In  the  review  that  is  evidently  demanded  of 
the  glacial  records  of  approximately  Permian  age  in  various  parts  of 
the  world,  the  suggestion  that  some  of  the  late  Paleozoic  coal  beds  are 
of  tundra  origin  may,  perhaps,  make  certain  facts  significant  which 
would  otherwise  be  passed  by  with  scant  attention. 

CALCIUM  CARBONATE 

The  methods  of  concentration  through  the  action  of  plants,  of  calcium 
in  combination  with  carbon  dioxide,  recently  so  clearly  demonstrated  by 
Weed  in  reference  to  hot-spring  deposits,  and  by  Davis  concerning  the 
so-called  marl  of  freshwater  lakes,  are  of  fundamental  importance  to 
geologists.  If  such  striking  results  are  now  produced  by  this  method 
of  concentration,  our  cherished  faith  in  uniformatism  should  certainly 
lead  us  to  scan  the  history  of  past  times  with  the  hope  of  learning  when 
this  function  began  to  be  exercised  and  what  part  it  has  played  in  record- 
ing geological  events.  The  question  is  pertinent.  Do  the  more  or  less 
local  and  frequent  lenticular  beds  of  limestone  in  certain  formations  now 
partly  crystalline  schists,  represent  the  products  of  concentration  brought 
about  by  algae? 

Other  and  more  familiar  methods  by  which  the  concentration  of  cal- 
cium carbonate  is  brought  about  need  only  be  mentioned  to  indicate 
the  important  place  they  hold  in  the  scheme  of  classification  of  the  widely 
extended  operations  of  nature  under  review,  which  in  truth  have  made  the 
earth  habitable  by  living  creatures.     The  hard  parts  of  foraminifera, 
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corals^  crinoids^  mollnskB,  etcetera^  as  is  well  known,  form  terranes  which 
in  the  aggregate  measnre  thousands  of  cnbic  miles.  The  geological  and 
mdnstrial  importance  of  these  organic  accumulations  and  the  clearness 
with  which  they  demonstrate  the  continuous  action  of  life  in  segregat- 
ing mineral  matter  throughout  the  zoic  division  of  geological  time  speak 
eloquently  in  favor  of  the  definite  recognition  of  the  principle  of  concen- 
tration as  a  geological  process. 

8ILI0A 

What  has  been  said  relative  to  the  concentration  of  calcium  car- 
bonate might  be  said  again  concerning  silica,  with  but  little  change  in 
the  wording.  The  diatoms  among  plants  and  radiolaria  and  sponges, 
especially  among  animals,  have  throughout  eons  of  time  been  forming 
stones  for  the  geological  temple,  and  through  the  solution  and  reconcen- 
tration  of  the  material  secreted  have  furnished  a  cement  for  other  stones 
in  the  structure. 

The  importance  of  the  principle  of  concentration  concerning  the  result- 
ant or  by-products  of  the  vital  functions  of  plants  and  animals  might 
be  illustrated  at  greater  length,  and  the  conditions  leading  to  the  accu- 
mulation of  deposits  of  iron,  phosphorus,  sulphur,  and  many  other  sub- 
stances, dwelt  upon,  but  enough  has  perhaps  been  said  to  show  the  impor- 
tance of  the  subject 

SXTHMABY 

Attention  has  been  invited  to  the  broader  phases  of  the  processes  active 
in  nature  which  lead  to  the  concentration  of  mineral  matter.  A  classi- 
fication of  the  processes  referred  to  has  been  suggested,  the  primary 
divisions  of  which  take  cognizance  of  the  dominant  form  of  energy, 
whether  mechanical,  chemical,  physical-chemical,  or  vital,  which  in  cer- 
tain large  groups  of  the  changes  considered  exert  the  major  control.  Sub- 
divisions of  these  primary  classes,  based  on  determining  or  qualifying 
conditions  and  on  selective  or  transposing  agencies,  have  also  been  intro- 
duced, as  it  is  thought  they  will  be  of  service  to  the  geologist.  The 
scheme  is  intended  to  be  sufficiently  elastic  to  admit  of  the  interpola- 
tion of  as  yet  unrecognized  determining  or  qualifying  conditions  or 
agencies  and  of  a  minute  classification  of  products  or  results. 

As  an  attempt  has  been-  made  to  show,  the  field  of  operation  of  the 
principles  presented  is  as  extensive  as  the  earth,  and  embraces  not  only 
its  surface,  but  its  interior,  and  is  as  far  reaching  as  geological  time. 
Although  an  underlying  principle  has  been  dwelt  upon  and  emphasized, 
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it  is  not  to  be  nnderBtood  that  it  stands  alone  or  is  the  sole  guide  wh 
a  geologist  should  follow  in  reaching  for  materials  of  industrial  imp 
tance.  Concentration  in  one  way  or  another  has  filled  nature's  sto 
houses,  but  the  origin  of  the  receptacles,  their  size,  association,  the  c< 
ditions  favoring  their  preservation,  etcetera,  are  important  matters  to 
considered.  The  very  activities  which  lead  to  storage  necessitate 
a  part  of  their  functions  depletion  in  many  instances  of  previous  accum 
lationfl.  Ab  in  80  many  other  geological  processes,  destructional  and  cc 
structional  action  are  involved  in  the  various  processes  of  concentratic 
and  the  result  is  in  many  instances  the  algebraic  sum  of  the  two. 
dwelling  on  the  process  which  favors  accumulation,  the  concurre 
activities  favoring  dissipation  need  to  be  borne  in  mind  and  at  some  oth 
season  given  a  place  of  prominence. 

In  Conclusion 

From  the  sands  at  our  feet  I  have  selected  a  pebble  and  held  it  1 
the  light.  It  is  perhaps  not  a  flawless  crystal,  but  can  with  greats 
truth  be  termed  bort,  which  may  be  put  to  industrial  uses  instead  ( 
treasured  on  account  of  its  beauty  or  rarity.  The  pebble,  as  I  ha^ 
identified  it,  is  a  true  and  broadly  underlying  principle,  which  is  worth 
of  recognition,  which  should  be  given  a  place  by  geologists,  and  esp( 
dally  in  books  dealing  with  the  application  of  our  science  to  commercic 
industries.  By  understanding  the  methods  by  which  storehouses  of  th 
earth  have  been  filled,  the  seeker  for  hidden  treasures  will  be  bette 
able  to  locate  his  claims. 
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The  Mononoahela  Formation 
cobbblation 

The  practically  continnonB  area  of  Monongahela  is  confined  to  the 
southwest  four  counties  of  Pennsylvania,  a  narrow  strip  in  eastern 
OhiOy  and  central  West  Virginia.  Small  outlying  patches  remain  east 
from  the  Alleghenies^  in  the  First  and  Second  basins  of  Pennsylvania, 
and,  at  the  south,  beyond  the  Kanawha  river  in  West  Virginia.  The 
area  in  which  this  formation  remains  is  far  within  that  of  the  Cone- 
maugh,  except  at  the  east. 

The  formation,  as  limited  by  Doctor  I.  C.  White,  has  the  Pittsburg 
coal  bed  as  the  lowest  and  the  Waynesburg  coal  bed  as  the  highest 
stratum.  The  thickness  varies  from  somewhat  more  than  400  feet  in 
central  West  Virginia  to  about  140  feet  at  the  most  northerly  exposure 
in  Jefferson  county  of  Ohio.  This  formation  is  characterized  by  notable 
variation  in  thickness  of  intervals  and  in  composition  of  the  rocks,  as 
well  as  by  local  irregularities  of  deposit,  whereby  every  student  in  the 
several  parts  of  the  area  has  been  led  into  serious  errors  of  correlation. 
These  have  made  study  of  the  Monongahela  more  perplexing  than  that 
of  any  earlier  Carboniferous  formation. 

In  ascending  order,  the  important  members  of  the  formation  are : 

Pittsburg  coal  bed. 

Pittsburg  sandstone.  • 

Redstone  limestone. 

Redstone  coal  bed. 

Fishpot  limestone. 

Lower  Sewickley  coal  bed. 

Sewickley  sandstone. 

Upper  Sewickley  coal  bed. 

Benwood  limestone. 

Tyler  red  beds. 

Ritchie  red  beds. 

Uniontown  limestone. 

Uniontown  coal  bed. 

Uniontown  sandstone. 

Waynesburg  limestone. 

Little  Waynesburg  coal  bed. 

Waynesburg  coal  bed. 

The  Pittsburg  coal   bed Maryland:    Cumberland,    Blkgarden,    Great 

H.  D.  Rogers,  1839.  vein,  Pittsburg.     Pennsylvania:  Pittshnxg, 

Ck)nnell8Ville,  I.  Ohio:  Federal  creek, 
Pomeroy,  Lower  Bamesville,  VIII,  Pitts- 
burg.   West  Virginia :  Pittsburg. 


MONONQAHELA  FORMATION  31 

At  one  time  this  bed  was  thought  to  be  a  practically  continuous  sheet 
underlying  the  whole  remaining  area  of  Monongahela,  somewhat  less 
than  20,000  square  miles;  but  studies  by  Professor  E.  B.  Andrews  dur- 
ing the  Second  Geological  Survey  of  Ohio  proved  its  absence  from  a  con- 
aid^able  part  of  the  field  in  that  state  and  Doctor  White's  study  of  oil 
well  records  in  West  Virginia,  almost  20  years  later,  led  to  a  similar 
conclusion  for  much  of  that  state.  The  northern  boundary  of  this  bar- 
ren area  is  in  Guernsey  county  of  Ohio  and  the  coal  is  to  all  intents 
wanting  in  Noble,  Monroe,  east  Morgan,  and  most  of  Washington  in 
Ohio,  most  of  Wetzel,  Tyler,  Pleasants,  Wood,  Ritchie,  Doddridge,  Gil- 
mer, Soane,  Calhoun,  Jackson,  Clay,  Kanawha,  Putnam,  and  Mason 
counties  of  West  Virginia,  all  within  the  area  in  which  formerly  the 
bed  was  supposed  to  exist.  Yet,  even  when  thus  restricted,  the  coal 
underlies  a  vast  area,  7,000  or  8,000  square  miles,  in  which  it  exhibits 
for  the  most  part  such  regularity  in  variation  as  to  both  quantity  and 
quality  as  to  render  it,  from  an  economic  point  of  view,  the  most  im- 
portant member  of  the  formation  and  probably  of  the  whole  bituminous 
coal  measures.  Within  the  barren  area  itself  it  is  represented  frequently 
by  black  shale  and  occasionally  it  reappears  abruptly  as  a  bed  of  work- 
able thickness. 

The  Pittsburg  coal  bed  in  the  ordinary  condition,  as  seen  in  most  of 
Pennsylvania  and  Ohio,  is  double,  showing  a  "roof"  division  separated 
by  an  "over-clay^'  from  the  ^'Main"  coal  below.  The  "roof,"  varying 
in  thickness  from  a  few  inches  to  10  or  12  feet,  is  composed  sometimes 
of  laminations  of  coal  and  clay;  at  others,  the  coal  and  clay  are  segre- 
gated into  beds,  each  6  inches  to  a  foot,  while  again  it  is  almost  wholly 
coal  or  almost  wholly  carbonaceous  shale.  At  the  best  the  coal  is  in- 
ferior and  is  not  mined.  This  division  is  wanting  in  the  Salisbury 
basin  of  Somerset  county,  Pennsylvania,  and  is  seen  rarely  along  the 
eastern  outcrop  in  West  Virginia;  but  it  reappears  suddenly  on  the 
EanawhA,  where  at  one  locality  it  attains  to  almost  the  extreme  thick- 


The  "over-clay,"  varying  from  a  few  inches  to  2  feet,  is  thoroughly 
persistent,  though  sometimes  so  carbonaceous  as  to  be  almost  a  bony 
coal;  even  in  West  Virginia  it  seems  to  be  present  always,  though  the 
**roof"  is  wanting. 

The  "Main"  coal  may  be  regarded  as  in  three  benches — "Breast," 
'^Bearing-in,"  and  "Bottom" — ^but  in  a  great  part  of  the  field  the 
'breast"  as  well  as  the  "Bottom"  is  divided  by  a  thin  parting,  so  that 
five  benches  are  distinct.  The  parting  slates  are  ordinarily  very  thin, 
rarely  exceeding  half  an  inch,  often  much  less,  and  in  considerable  areas 
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some  of  them  contain  mnch  mineral  charcoal.  The  persistence  of  1 
filmy  layers  throughout  thousands  of  square  miles  is  not  the  leas 
markable  feature  of  this  bed.  The  ''Bearing-in/*  known  in  some  1( 
ties  as  the  '^Bands/^  is  not  persistent  in  West  Virginia,  where  alonj 
eastern  outcrop  the  bed  is  often  only  double,  with  a  mere  parting, 
being  no  deposit  between  the  benches.  The  coal  is  not  the  same  thn 
out  the  bed,  and  each  bench  is  apt  to  show  its  own  type,  distingui 
it  as  sharply  from  the  others  as  though  the  partings  were  man] 
thick.  The  coal  differs  in  volatile,  in  ash,  in  coking  qualities,  a 
sulphur ;  that  from  one  bench  is  'T)rick  ;*^  from  another,  prismatic ; 
a  third,  hard,  with  more  or  less  of  semicannel.  Like  other  bed 
Pittsburg  occasionally  carries  some  cannel;  but  this  is  unusual, 
ring  only  on  the  border  of  the  field. 

The  proportion  of  volatile  shows  variation  geographically,  £ 
indicated  long  ago  by  Professor  H.  D.  Rogers.  Along  a  line  j 
westnorthwest  from  Maryland  to  Ohio,  the  ratios  between  volati 
fixed  carbon  in  the  several  basins  are: 

Maryland    4.47  to  4.78 

Salisbury    3.18  to  3.38 

Connellsville    1.81  to  2.07 

Lisbon   1.38  to  1.83 

Washington  county 1.03  to  1 .79 

These  ratios  are  taken  from  Mr  A.  S.  McCreath's  analyses.  1 
crease  is  most  marked  along  the  westnorthwest  line,  but  there 
general  way  a  decrease  northwardly  in  several  of  the  basin 
volatile  is  high  throughout  Ohio.  In  West  Virginia,  as  st 
Professor  Hite's  analyses,  the  volatile  increases,  there  being  i 
in  the  continuation  of  the  Connellsville  as  in  the  southern  L 
Pennsylvania;  still  farther  south,  on  the  line  of  the  Salisbm 
the  ratio  is  1.4,  while  in  Mason  County,  on  the  central  line  of  tt 
the  ratio  varies  from  1.04  to  1.33. 

The  Pittsburg  coal  bed  has  its  greatest  thickness  at  the   g 
in  the  Potomac  areas  of  Maryland  and  West  Virginia,  where 
coal  is  12  to  14  feet.    Along  a  westnorthwest  line  in  Pennsyl 
thickness  decreases,  becoming  8  to  10  feet  in  the  Salisbury,  8  t< 
Connellsville,  7  to  8  in  the  Lisbon,  6  to  7  in  the  Waynesburg, 
6  in  basins  farther  west.    It  retains  the  latter  thickness  into 
more  frequently  approaching  the  lower  figure.    On  the  westen 
in  Belmont  and  Guernsey  counties  of  Ohio,  the  thickness  falls 
and  at  last  to  3  feet  6  inches,  the  several  divisions  of  the  bed 
distinct.     North  from  this  line  the  bed  grows  thinner,    slo\^ 
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ligonier,  Connellsville,  and  Lisbon^  in  which  it  retains  a  good  thick- 
ness to  the  last  exposure,  but  farther  west  the  diminution  is  more 
marked,  for  in  northern  Allegheny  the  bed  rarely  exceeds  4  feet  6  inches, 
while  in  Beaver  county  it  falls  to  3  feet  6  inches;  but  in  Jefferson  of 
Ohio  it  is  4  feet  at  the  most  northerly  exposure.  The  conditions  along 
the  northwestern  and  western  outcrop  are  suggestive.  The  greater 
thickness  in  Jefferson  and  the  marked  increase  to  6  feet  southwest  in 
Harrison  county  makes  the  greatly  increased  thickness,  8  to  9  feet, 
in  western  Morgan  and  Athens  not  at  all  surprising.  It  is  clear  that 
the  thin  coal  of  Guernsey  is  only  evidence  of  approach  toward  the  bar- 
ren area,  which  begins  in  the  southern  part  of  that  coimty.  The  west- 
em  limit  of  the  bed  must  have  been  considerably  west  from  the  present 
outcrop  in  Harrison,  Guernsey,  and  Muskingum;  it  is  probable  that  a 
great  area  of  thick  coal  has  been  removed,  and  that  the  thick  coal  of 
Morgan  at  one  time  covered  most  of  Muskingum  and  Carroll  counties, 
west  from  Guernsey  and  Harrison.  The  great  thickness  at  the  extreme 
northern  exposures  within  the  Ligonier,  Connellsville,  and  Lisbon  basins 
leads  to  the  belief  that  Professor  J.  P.  Lesley  was  not  far  wrong  when 
he  suggested  that  the  Pittsburg  at  one  time  reached  almost  to  lake  Erie. 

While  the  bed  loses  thickness  from  all  sides  toward  the  central  area, 
where  it  is  wanting  or  so  insignificant  as  to  be  unimportant,  it  is  equally 
true,  as  already  stated,  that  even  within  that  area  one  finds  patches  in 
which  the  bed  is  of  commercial  importance.  One  of  them,  with  Pome- 
roy,  Ohio,  as  its  chief  shipping  point,  has  an  area  of  not  far  from  100 
square  miles;  those  along  the  Elanawha  in  West  Virginia  are  smaller, 
but  there  the  bed  shows  at  times  its  complex  "roof,'*  "over-cla/*  and 
'^ain''  coal,  with  the  latter  exhibiting  close  structural  resemblance  to 
typical  localities  near  the  Pennsylvania  line.  Such  occurrences  are  of 
great  interest  from  the  theoretical  standpoint. 

In  some  portions  of  the  field  the  Pittsburg  coal  bed  shows  a  tendency 
to  wide  separation  of  parts,  somewhat  like  that  observed  in  the  anthra- 
cite beds  and  in  the  Pottsville  beds  of  the  Kanawha  region.  In  the 
Potomac  basins  of  Maryland  and  West  Virginia  the  several  portions 
of  the  bed  are  separated  by  shales  and  clays,  so  as  to  occupy  a  vertical 
space  of  40  to  63  feet;  in  the  Salisbury  basin  of  Pennsylvania  the  bed 
and  its  partings  are  in  a  vertical  space  of  46  feet  at  the  southern  end, 
but  this  increases  to  about  160  feet  at  the  northern  end,  with  shales, 
sandstones,  and  limestones  in  the  intervals;  in  the  Connellsville  basin 
one  finds  at  a  few  miles  south  from  Uniontown,  in  Fayette  county,  the 
Pittsburg  in  all  about  14  feet  thick  and  30  feet  below  the  Bedstone  coal 
bed;  but  northward  the  Pittsburg  interval  quickly  increases  to  58,  66, 
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and  68  feet^  the  interval  to  the  Bedstone  coal  bed  decreasing  to  25  feeL 
The  upper  coal  layers  of  the  Pittsbnrg  disappear  northward,  but  ^e 
interval  from  the  "Main'*  coal  to  the  Bedstone  decreases  very  sloniy 
and  becomes  normal  only  as  one  approaches  the  noriii  end  of  the  basia. 
A  similar  condition  exists  in  southern  Fayette  within  the  Lisbon  basin, 
but  the  divergence  as  well  as  the  area  in  which  it  occurs  is  not  so  great; 
farther  west  in  Pennsylvania  and  Ohio  the  tendency  to  local  irregularity 
of  deposit  iB  shown  by  the  presence  of  ''rider''  coal  beds  at  many  locali* 
ties. 

The  Pittsburg  sandstone  (H.  D.  Bogers,  1858)  is  a  variable  rock 
overlying  the  Pittsburg  coal  on  the  borders  of  the  basin,  but  it  is  fat 
from  being  persiBtent,  the  interval  being  filled  with  shale  very  fre- 
quently. A  thin  deposit  of  shale  usually  intervenes  between  the  coal 
and  the  sandstone.  This  coarse  deposit  is  present  commonly  along  the 
northern  outcrop  in  Pennsylvania  as  well  as  in  the  ConnellsviUe  basin 
and  southward  in  the  exposed  area  of  West  Virginia;  it  is  important 
along  the  southern  edge  of  the  field  in  that  state  into  Ohio,  where  it  is 
almost  constant  in  Gallia,  Meigs,  and  Morgan*  counties  on  the  souSi 
and  west  border;  but  northward  from  Morgan,  on  ihe  western  border, 
it  is  wanting  until  one  comes  to  western  Belmont,  Guernsey,  and  Har* 
rison.  Its  distribution  in  Ohio  lends  probability  to  the  suggestion  al- 
ready oflfered  respecting  the  western  extent  to  the  Pittsburg  coal  bed. 
This  sandstone  is  confined  practically  to  the  borders  of  the  field,  and 
within  the  interior  portions  one  finds  shale  with  only  occasional  sand- 
stone in  the  interval. 

The  Bedstone  limestone  (J.  J.  Stevenson,  1877)  is  confined  to  the 
north  central  part  of  the  field,  being  absent  along  the  northern  outcrop 
in  Pennsylvania  as  well  as  in  nearly  the  whole  of  West  Virginia  and 
Ohio.  Like  the  other  limestones  of  this  formation,  it  is  non-foa- 
siliferous  or  at  the  most  contains  minute  forms  which  may  be  of  fresh- 
water types.  It  persists  in  Pennsylvania  between  CJhestnut  ridge  and 
the  Ohio  river  and  is  present  in  eastern  Belmont  of  Ohio ;  it  disappears 
quickly  south  from  the  Pennsylvania  line  in  West  Virginia.  Perhaps 
it  may  be  the  'limestone  group'*  of  Andrews  in  southeastern  Ohio,  but 
that  can  be  no  more  than  a  mere  suggestion;  for,  as  indicated  by  Pro- 
fessor Andrews  more  than  30  years  ago,  these  limestones  appear  to  be 
irregular  deposits  of  calcareous  mud  and  are  given  to  sudden  variations. 
Within  Pennsylvania  and  the  immediately  adjacent  part  of  West  Vir- 
ginia the  correlation  is  exact. 

The  Bedstone  coal  bed  (H.  D.  Bogers,  1858)  is  very  persistent  in  the 
northern  part  of  the  basin,  though  rarely  attaining  sufficient 
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to  be  of  local  impoTtance.  It  is  from  30  to  80  feet  above  the  '^ain'' 
coal  ol  the  Pittsburg  and  its  place  is  almost  invariably  marked  by  coal 
or  by  richly  carbonaceous  shale.  In  many  localities  where  it  is  wanting 
its  absence  ia  due  to  erosion  during  deposition  of  an  overlying  sandr 
stone,  continuous  downward  with  the  Pittsburg.  Sometimes  it  is  of 
workable  thickness  in  southern  Pennsylvania  and  adjacent  part  of  West 
Yiiginia  near  the  Monongahela  river.  The  identification  of  the  bed 
is  very  clear  in  Pennsylvania^  West  Virginia,  and  Belmont  county  of 
Ohio,  but  the  reference  of  isolated  bits  of  coal  in  southern  Ohio  is  toita- 
tive  to  the  last  degree.  They  may  be  only  ^'rider^'  coals  to  the  Pittsburg. 
A  feature  of  the  Bedstone  in  much  of  Pennsylvania  is  the  occurrence  of 
broad  clay  veins  in  localities  where  the  underlying  Pittsburg  coal  bed 
is  undisturbed.  The  bed  is  roofed  ordinarily  by  shale  or  sandstone  and 
is  often  only  an  inch  or  two  above  its  limestone.  At  one  place  in 
Washington  county,  Pennsylvania,  it  has  a  limestone  roof. 

The  Fishpot  limestone  (J.  J.  Stevenson,  1876)  has  been  regarded  as 
equivalent  to  the  Sewickley  limestone  (F.  and  W.  0.  Piatt,  1877), 
but  the  relations  of  the  latter  limestone  are  very  uncertain  and  in  all 
probability  it  is  not  the  same  with  the  Fishpot.  This  Umestone  is 
separated  at  most  by  5  or  6  feet  from  the  Lower  Sewickley  coal  bed,  and 
occasionally  the  two  deposits  are  apparently  in  contact.  It  seems  to  be 
wanting  east  from  the  Alleghenies  as  well  as  in  the  eastern  basins  and 
along  the  northern  outcrop  in  Pennsylvania;  but  it  seems  to  be  per- 
sistent, though  extremely  variable,  in  most  of  the  area  west  from  Chest- 
nut ridge  across  Pennsylvania  into  northern  Ohio  as  well  as  southward 
for  30  miles  in  West  Virginia.  It  is  thick  in  some  of  the  Pennisylvania 
basins  and  thin  or  uncertain  in  others.  It  becomes  very  thick  in  the 
basins  of  Fayette  and  Westmoreland  as  well  as  in  the  adjacent  portions 
of  Washington  and  Greene,  sometimes  30  feet,  and  it  is  equally  imr 
portant  on  the  Ohio  river.  This  deposit  is  confined  to  the  northern 
part  of  the  basin  and,  like  most  of  the  other  limestones  in  the  forma- 
tion, seems  to  be  wholly  wanting  in  the  interior  part.  Its  interval  rarely 
carries  any  limestone  in  Ohio  south  from  northern  Monroe  county. 

The  Sewickley  coal  bed  (H.  D.  Eogers,  1868)  includes  two  coal  beds; 
the  lower  bed  rests  on  the  Fishpot  limestone  or  is  separated  from  it 
by  thin  clay,  while  the  upper  bed  overlies  the  Sewickley  sandstone  and 
is  almost  directly  under  the  great  Benwood  limestone.  One  seldom  sees 
both  beds  well  defined  in  a  single  section.  The  type  sections  obtained 
by  the  geologists  of  the  First  survey  as  well  as  by  those  of  the  Second 
survey  were  obtained  in  southern  Fayette  and  Greene  counties  near 
the  West  Virginia  line,  where  the  Sewickley  sandstone  is  unusually 
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variable;  there  was  supposed  to  be  only  one  bed  and  the  conditions  there 
observed  were  applied  throughout  the  Pennsylvania  areas.  Later  studies, 
supplemented  by  records  of  shafts  and  borings,  make  it  possible  to  cor- 
rect the  writer's  error  of  30  years  ago. 

The  Lower  Sewickley  coal  bed  is  the  Sewiddey  of  most  of  Qreene, 
Washington,  and  Allegheny  counties,  Pennsylvania,  as  described  in 
volume  K  of  the  Pennsylvania  reports.  It  is  the  persistent  bed  of 
Fayette  and  Westmoreland  counties  within  the  Connellsville  basin,  but 
it  is  very  indefinite  in  the  Lisbon.  The  horizon  is  well  marked  by  the 
Fishpot  limestone  below  and  the  Sewickley  sandstone  above,  between 
which  one  usually  finds  either  coal  or  black  shale.  The  bed  is  of  work- 
able thickness  at  some  localities  in  Fayette  and  Oreene  counties  of  Penn- 
sylvania and  it  is  a  well  marked  coal  horizon  in  West  Virginia,  being 
noted  in  very  many  oil-well  records  at  25  miles  south  from  the  Penn- 
sylvania line.  Li  northern  Ohio  it  is  present  in  Belmont  and  perhaps 
Monroe  county  as  coal,  but  very  thin.  Its  extent  is  much  less  than  that 
of  the  Pittsburg,  the  interior  area  in  which  it  is  wanting  being  much 
greater. 

The  Sewickley  sandstone  (I.  C.  White,  1891)  is  a  remarkably  per- 
sistent deposit,  5  to  40  feet  thick,  recognized  throughout  Pennsylvania 
and  northern  Ohio  and  very  distinct  in  West  Virginia  to  at  least  40 
miles  south  from  the  Pennsylvania  line.  It  is  present  in  many  oil- 
well  records,  even  into  the  central  area  of  West  Virginia.  Near  Union- 
town,  in  Fayette  county  of  Pennsylvania,  it  is  wanting  in  a  shaft  where 
the  Sewickley  coals  have  united,  the  resulting  bed  separating  the  Fish- 
pot  and  Benwood  limestones.  In  the  southwest  part  of  tiiat  county 
the  sandstone  gradually  decreases  and  the  Upper  Sewickley  coal  bed  is 
let  down  almost  to  the  Fishpot  limestone. 

Tbe  Upper  Sewickley  coal  bed.  Maryland:  Gas,  Tyson.  Pennsylvania:  Se- 
wickley. West  Virginia:  Sewickley.  Ohio: 
YIIIc,  X,  Cumberland,  Meigs  creek.  Macks- 
burg,  Upper  Bamesville. 

This  is  an  important  coal  bed  near  Frostburg,  in  Maryland;  it  is  unim- 
portant in  the  Connellsville  basin,  where  one  finds  at  its  horizon  only 
black  shale,  but  in  western  Fayette  and  Westmoreland  it  is  persistent  as 
coal,  almost  directly  underlying  the  Benwood  limestone;  and  there,  as 
in  the  adjacent  portions  of  Washington  coimty,  it  is  occasionally  thick 
enough  to  be  mined.  In  much  of  Washington  and  Allegheny  counties 
it  is  little  more  than  black  shale,  but  when  it  comes  up  again  on  the 
westerly  side,  in  the  West  Virginia  panhandle,  it  is  coal  in  two  or  three 
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divisioiis  with  varjring  intervals.  There,  as  in  Jefferson  and  eastern 
Belmont  of  Ohio,  it  is  unimportant ;  but  in  western  Belmont  and  Har- 
rison it  becomes  more  important  than  the  Pittsburg.  In  much  of  Ohio 
it  is  the  chief  source  of  supply,  although  its  coal  usually  contains  more 
ash  than  that  of  the  Pittsburg.  Where  best  developed  it  is  a  triple 
bed,  the  middle  bench  being  thick,  the  other,  separated  from  it  by  thick 
clay  partings,  being  too  thin  to  be  worked.  It  extends  much  farther 
eastward  into  the  barren  area  than  the  Pittsburg  does ;  it  is  the  important 
Maeksburg  coal  of  southern  Noble  and  northern  Washington  at  25  miles 
southeast  from  the  disappearance  of  the  Pittsburg ;  but  it  becomes  irregu- 
lar and  of  little  value  further  toward  the  middle  of  the  trough.  It  is 
insignificant  in  West  Virginia,  but  a  trace  of  it  was  seen  on  the  Balti- 
more and  Ohio  railroad  west  from  Clarksburg,  in  Harrison  county,  and 
it  may  be  the  coal  reported  in  some  records  termed  the  Sewickley  in 
the  following  pages.  While  the  horizon  is  well  marked  in  much  of 
Pennsylvania  and  occasionally  carries  workable  coal  in  small  areas 
there,  as  in  Maryland,  it  is  most  thoroughly  characteristic  of  the  westerly 
side  of  the  trough,  where  within  its  present  area  it  has  more  coal  than 
the  Pittsburg.  Judging  from  conditions  shown  by  the  latter  bed,  which 
reaches  9  feet  on  the  western  outcrop  in  Morgan  county,  one  should 
expect  the  "Upper  Sewickley  to  increase  greatly  toward  its  western  out- 
crop; but  the  contrary  is  true,  as,  accordingly  to  Professor  Brown,  the 
Upper  Sewickley  *'is  thin  and  unsteady  and  of  little  economic  value*' 
in  western  Morgan,  whereas  it  is  important  in  eastern  Morgan  as  in 
Noble,  southeast  Muskingum  and  southern  Guernsey.  But  is  a  coal  bed 
to  the  western  outcrop. 

The  Sewickley  horizon  was  characterized  by  local  irregularity  of  de- 
posit. Beference  has  been  made  to  the  disappearance  of  the  Sewickley 
sandstone  and  its  rapid  reappearance  in  southern  Fayette  of  Pennsyl- 
vania. In  southern  Greene  county.  Doctor  White  found  the  Lower 
Sewickley,  4  feet  10  inches  thick  and  in  several  benches;  but  at  half  a 
mile  away  these  benches  are  distributed  in  a  vertical  space  of  33  feet 
6  inches.  On  Wheeling  creek,  3  miles  east  from  Wheeling,  West  Vir- 
ginia, the  section  is: 

Upper  Sewlckl^  coal  bed: 

Feet  Inches     Feet   Inehee 
Coal    1        2^ 

Fireclay,  sandstone  6       4\.8  6 

Ck)al  and  shale 1        0} 

Clay  and  Sewickley  sandstone 14  0 

Lower  Sewickley  coal  bed 1  8 


88         J.  J.  STBVEN80N — CASBONIFEBOUS   OF   APPALAC9IAN    BASIN 

in  all  24  feet  2  inches.    A  section  in  Wheeling  shows  the  Upper 
widdey  3  feet  thick  and  17  feet  above  the  Lower  Sewickley,  also  3  f< 
a  vertical  space  of  23  feet;  but  at  another  place *in  Wheeling,  Doc 
White  found  the  three  beds  once  more  and  in  a  vertical  space  of 
feet.    At  12  or  14  miles  below  Wheeling,  on  the  Ohio,  Doctor  Whil 
section  shows  the  Upper  Sewickley  2  feet  thick  and  separated  by 
feet  of  Sewickley  sandstone  from  10  feet  of  coal  and  shale  apparen 
representing  the  Lower  Sewickley.    The  varying  interval  between  X. 
per  Sewickley  and  Pittsbnrg  along  the  western  outcrop  suggests  siml 
irregularities  in  that  region. 

The  Great  limestone  (H.  D.  Bogers,  1858)  included  all  of  the  lia 
atone  bed  in  the  Monongahela  formation.  Li  1876  J.  J«  Stevens 
restricted  this  term  to  the  deposits  between  the  Upper  Sewickley  ai 
the  Uniontown  coal  beds,  and  divided  it  into  Lower  and  Upper; 
1877  he  applied  the  term  Uniontown  to  the  upper  division,  and  in  19< 
Doctor  White  designated  the  lower  division  as  the  Benwood. 

The  Benwood  limestone  (I.  C.  White,  1903)  is  almost  directly  abo* 
the  Upper  Sewickley  coal  bed.  It  seems  to  be  wanting  east  from  tl 
All^henies  and  is  very  thin  along  the  northern  outcrop  in  Pennsy 
vania,  though  some  trace  remains  in  the  Ligonier,  Gonnellsville,  an 
Lisbon  basins  almost  to  the  last  exposure.  Farther  west  in  AUeghei 
and  northwest  Washington  it  is  either  wanting  or  very  thin.  Soutl 
ward  it  comes  into  the  section  rather  abruptly,  attaining  great  thicknec 
almost  at  once.  It  is  not  always  continuous  limestone,  but  sometimes  i 
very  largely  calcareous  shale,  and  at  others  is  broken  by  shale  or  sand 
stone  beds.  It  reaches  its  maximum  thickness  in  Fayette  and  West 
moreland  within  tiie  Lisbon  basin,  and  retains  it  along  the  Monongahel 
river  in  much  of  Qreene  and  southern  Washington.  It  is  from  60  t 
90  feet  thick  in  that  area  and  in  some  places  is  continuous  with  thi 
Uniontown  limestone  above.  This  great  thickness  continues  for  a  little 
way  into  West  Virginia,  but  it  quickly  becomes  insignificant,  and  in  lesi 
than  40  miles  there  is  barely  as  much  as  7  feet  in  this  interval.  II 
seems  probable  that  the  mass  persists  imder  Greene  county  of  Pennsyl- 
vania, for  where  the  rocks  come  up  again  near  the  Ohio  river  it  is  verj 
thick  and  so  prominent  that  the  name  is  given  from  Benwood  4  milea 
below  Wheeling. 

In  Ohio  this  limestone  is  wanting  within  northern  Jefferson,  Harri- 
son, and  northern  Guernsey  counties ;  it  is  thick  in  eastern  Bebnont  and 
southern  Jefferson,  but  in  the  western  part  of  the  former  county  it  is 
broken  into  maHy  layers,  varying  in  thickness  and  separated  by  shales 
or  sandstones.     The  Benwood  interval  contains  limestone  beds  along 
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much  of  the  weBtem  outcrop,  and,  as  in  Fennsylyania,  some  of  the  more 
peniBtent  beds  are  magnesian,  being  referred  to  by  Andrews  as  '^cement 
beds.''  Southwardly  it  is  leplaced  by  sandstone,  sometimes  60  feet 
thick  and  often  yerj  coarse,  so  that  the  Upper  Sewickley  is  known  as  the 
''Sandstone  coal^'  to  distingtddi  it  from  the  Pittsburg  or  ^^Idmestone 
coal.*' 

The  interval  of  20  to  40  (eet  between  the  Benwood  and  Uniontown 
limestones  is  occupied  usually  by  sandstone  or  sandy  diale. 

The  Uniontown  limestone  (J.  J.  Stevenson,  1877)  is  one  of  the  more 
persistent  members  of  the  section.  It  is  wanting  east  from  the  AUe- 
ghenies,  but  is  present  throughout  the  Connellsville  basin,  is  apparently 
me  of  the  upper  limestones  near  Greensburg,  is  everywhere  in  the  Ids- 
bou  basin  south  from  the  Pennsylvania  railroad,  extends  to  the  most 
northerly  outcrop  of  its  place  in  Allegheny  county,  and  seems  to  be 
preeent  everywhere  in  Washington  and  Greene  where  its  place  is  ex- 
posed. It  is  present  in  northern  West  Virginia  toward  the  eastern 
outcrop,  but  diamond-drill  cores  do  not  show  it  toward  the  west.  It 
evidently  diaappears  southwardly  at  no  considerable  distance  from  the 
state  line.  It  is  present  in  the  northern  panhandle  of  the  state,  and  in 
Ohio  one  finds  limestane  at  this  horizon  in  by  far  the  greater  part  of 
the  area  when  the  place  is  exposed.  In  much  of  Pennsylvania  it  has 
a  characteristic  yellow  color  on  the  weathered  surface,  wholly  unlike 
that  of  any  othet*  limestane  in  the  formation.  The  thickness  varies  from 
2  to  12  feet. 

Tbe  Uniontown   coal   bed Maryland     and    Pennsylvania:    Uniontown. 

H.  D.  Rogers,  1868.  West   Virginia:    Waynesburg,   Hackabuig, 

Uniontown.     Ohio:    Hobson,  Cumberland, 
Waynesburg,  Clarington. 

This  bed  is  rarely  of  interest  or  importance  on  the  northeasterly  side 
of  the  great  basin,  where  it  was  first  studied  and  named.  Its  insignifi- 
cance in  that  region  caused  failure  to  recognize  it  in  other  regions. 
Doctor  Whitens  suggestion,  that  the  West  Virginia  bed,  usually  referred 
to  tiie  WaynesbuTg,  might  prove  to  be  tlie  Uniontown,  proves  to  be 
correct.  The  bed  is  present  as  coal,  but  very  thin,  in  Maryland;  its 
place  is  mailed  by  shale  or  coal  almost  everywhere  in  the  Connells- 
ville basin,  but  it  is  not  a  workable  bed  anywhere,  for,  though  thick 
eniJugh  near  Uniontown,  its  coal  is  very  bad.  In  the  Lisbon  basin  it  is 
present  to  the  most  northerly  exposure,  but  for  the  most  part  is  very 
thin,  except  in  some  places  within  Payette  and  Greene  counties,  where 
it  is  opened  occasionally  by  farmers,  but  yields  miserable  coals.  Farther 
west  tiiie  coal  does  not  extend  northward  into  Allegheny  or  northwestern 
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Washington,  but  it  is  shown  frequently  south  from  the  line  oi 
Pennsylvania  railroad  in  the  latter  county,  though  never  more 
about  2  feet  thick  and  always  apparently  very  inferior.  It  is  se 
more  than  2  or  3  feet  above  its  bright  yellow  limestone  and  at  time 
coal  and  limestone  are.  separated  by  a  mere  parting  shale.  The  b« 
present  in  the  northern  panhandle  of  West  Virginia  and  is  distint 
western  Belmont  of  Ohio,  though  wanting  in  Jefferson,  Harrison^ 
apparently  in  northern  Guernsey.  It  does  not  seem  to  reach  the  n< 
cm  outcrop  in  Ohio,  reaching  northward  there  hardly  any  farther 
in  Washington  county  of  Pennsylvania;  but  southward  it  is  persii 
as  shale  or  coal  along  the  western  outcrop,  where  it  is  known  as 
Hobson  coal  bed  and  is  occasionally  workable.  It  is  of  conside] 
local  importance  in  northern  Monroe,  where  it  has  a  somewhat  com 
structure.  It  is  certainly  present  under  the  Cowrun  anticline  in  W 
ington  county  and  northward  along  the  Ohio  river,  but  southwar 
evidently  disappears.  It  is  insignificant  in  the  exposed  area  within 
eastern  part  of  the  West  Virginia  field,  but  it  is  distinctly  a  coal 
in  Harrison,  Doddridge,  Gilmer,  Lewis,  and  Wirt,  in  all  of  which  ; 
exposed  and  at  times  shows  a  structure  recalling  that  seen  in  Moi 
of  Ohio.  The  records  of  oil  borings  show  that  it  is  present  in 
counties  north  from  the  Little  Kanawha  river  except  possibly  W 
where  every  trace  of  coal  seems  to  have  disappeared  in  this  format 
Its  occurrence  farther  south  is  very  doubtful  and  it  is  not  reportec 
any  record. 

The  distribution  of  the  Uniontown  contrasts  notably  with  that  of 
lower  beds.  The  Pittsburg  is  practically  absent  from  the  great  inte 
area,  though  its  horizon  is  marked  often  by  thin  coal  or  by  carbonacc 
shale;  it  is  a  thick  bed  on  the  borders  of  the  field,  thinning  from  all  s: 
toward  the  middle.  The  Upper  Sewickley  is  insignificant  for  the  n 
part  on  the  east  side,  though  its  place  is  rarely  without  shale  or  s( 
coal,  but  on  the  west  side  it  is  important,  extending  southward  to  m 
miles  beyond  the  Pittsburg's  disappearance,  though,  like  that  I 
marked  only  by  black  shale  or  whoUy  wanting  in  the  central  buried  ai 
The  Uniontown,  however,  always  thin  and  never  attaining  more  tl 
purely  local  importance,  is  a  well  marked  coal  horizon  west  from  Ch< 
nut  ridge,  and  even  from  farther  east  in  West  Virginia,  across  the  wh 
basin.  It  is  a  distinct  coal  horizon  in  the  central  part  of  the  field,  wh 
the  lower  beds  have  become  indefinite,  and  does  not  disappear  sou 
wardly  until  one  approaches  the  region  where  the  Pittsburg  reappe€ 
Though  a  coal  bed  in  a  so  great  area,  it  shows  no  regular  variations 
thickness  such  as  those  of  the  Pittsburg,  but  is  a  thin  sheet,  usua 
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double^  sometimes  still  farther  divided.  Its  peculiarities  possess  much 
interest;  considered  in  reference  to  the  origin  and  accumulation  of  coal 
beds.  The  carbonaceous  shale  at  this  horizon  usually  contains  frag- 
mentary remains  of  fish^  with  small  lamellibranchs  and  other  forms  of 
nndetermined  relations.  In  Monroe  of  Ohio  and  Doddridge  of  West 
Virginia  it  is  associated  with  plant-bearing  shales.  Near  TTniontown^ 
Pennsylvania,  it  underlies  an  impure  limestone  containing  lamelli- 
branch  shells. 

The  interval  between  the  Uniontown  and  Waynesburg  coal  beds  is 
the  most  variable  in  the  formation.  In  Marion  countv  of  West  Vir- 
ginia  the  Waynesburg  coal  bed  is  somewhat  more  than  100  feet  above 
the  Uniontown  limestone,  but  this  interval  decreases  northward  until,  in 
Allegheny  and  northern  Washington  of  Pennsylvania,  the  coal  and 
limestone  are  practically  in  contact. 

The  Uniontown  sandstone  (I.  C.  White,  1891)  is  a  rather  persistent 
deposit  occupying  much  of  the  interval,  though,  like  other  sandstones, 
it  is  apt  to  be  replaced  rather  abruptly  by  shales.  One  finds  it  very  fre- 
quently in  southern  Pennsylvania,  at  times  tenacious  enough  to  form 
cliffs,  but  only  moderately  coarse  in  grain  and  very  seldom  containing 
pebbles.  It  shows  the  same  features  in  much  of  the  exposed  area  in 
West  Virginia  as  well  as  across  the  northern  portion  of  the  state,  as 
appears  from  oil-well  records ;  but  farther  south,  in  Lewis,  Oilmer,  Dod- 
dridge, Tyler,  and  Pleasants  counties,  a  broad  band  crossing  the  state 
from  east  to  west,  the  sandstone  is  massive,  coarse,  and  even  conglom- 
erate, exposed  in  many  places  and  recorded  elsewhere  in  oil  wells.  It  is 
one  of  the  '*CarrolP  sands  in  Bitchie  county.  In  Washington,  Morgan, 
and  Athens  of  Ohio  the  band  continues  and  the  rock  is  the  200-foot 
conglomerate  of  Professor  Andrews.  Iforthward  and  apparently  south- 
ward from  this  strip  the  conglomerate  is  wanting,  the  sandstone,  where 
present,  is  fine  grained,  and  in  broad  areas  the  interval  is  filled  by  shales. 
This  conglomerate,  much  resembling  that  above  the  Waynesburg  coal 
bed,  proved  a  stumbling  block  in  correlation.  It  geographical  distribu- 
tion is  puzzling. 

The  Waynesburg  limestone  (J.  J.  Stevenson,  1877)  is  in  the  upper 
part  of  the  interval  between  the  coal  beds  and  is  of  wide  extent.  It  is 
from  10  to  40  feet  below  the  Waynesburg  coal  bed.  It  is  present  in 
Maryland  and  it  may  be  part  of  the  thick  limestone  in  Broad  Top;  it 
seems  to  be  present  throughout  Fayette  and  Westmoreland  counties 
wherever  its  horizon  is  reached,  but  is  wanting  in  Allegheny  and  north- 
em  Washington,  where  the  Waynesburg  coal  bed  approaches  closely  to 
the  Uniontown  limestone;  yet  it  was  seen  farther  south  in  Washington, 
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and  in  that  county  as  well  as  Greene  it  is  absent  from  few  sect 
which  its  place  is  exposed.  It  disappears  quickly  southward  ii 
Virginia,  where  it  is  without  representative  almost  everywhere 
exposed  area.  It  persists  across  the  northern  panhandle  into  £ 
county  of  Ohio,  but  thence  there  is  little  information  respectinj 
few  detailed  sections  extend  above  the  Uniontown  (Hobson)  1 
An  impure  limestone  is  reported  occasionally  at  30  to  40  fee 
the  Uniontown  coal  bed. 

A  sandstone  sometimes  appears  between  this    limestone    ai 
Waynesburg  coal  bed,  but  it  is  unimportant  except  in  western 
and  northern  Harrison  of  West  Virginia,  where  it  is  massive 
tends  downward  below  the  place  of  the  limestone.    This  was  ten 
Gilboy  sandstone  by  Doctor  White. 

The  Little  Waynesburg  coal  bed  (J.  J.  Stevenson,  1876)  is  a] 
portant  horizon,  economically,  as  the  coal  rarely  attains  workabi 
ness.  Like  the  Uniontown,  its  areas  of  moderately  thick  coal 
away  from  the  borders  of  the  field,  as  marked  by  the  Pittsbi 
Waynesburg  coal  beds.  It  is  found  commonly  as  a  thin  coal,  • 
or  less,  at  very  many  places  in  southwest  Pennsylvania  and  imn 
adjacent  parts  of  West  Virginia,  but  it  seems  to  be  wanting  i: 
land,  Ohio,  and  practically  all  of  West  Virginia.  It  is  separai 
variable  interval  from  the  limestone  below. 

The  Wasmesburg  coal  bed Maryland:    Koontz,  "Waynesburg. 

EL  D.  Bogers,  1858.  vania    and    West    Virginia:    Wa; 

Ohio:  Tunnel,  XI. 

This  bed,  at  the  top  of  the  formation,  is  a  notable  deposit  in  tl 
em  part  of  the  field  and  is  apparently  present  wherever  its  h 
reached  in  Maryland,  Pennsylvania,  northern  Ohio,  and  norths 
Virginia.  Measurements  in  Pennsylvania  are  almost  as  num 
are  those  of  the  Pittsburg,  and  it  is  the  principal  source  of 
supply  in  considerable  areas,  though  its  coal  is  so  inferior  thai 
rarely  attains  commercial  importance.  It  is  thin,  2  to  4  feet,  i 
partings,  along  the  northern  border  in  Pennsylvania  and  in  C 
the  latter  state  it  is  usually  very  thin  and  it  seldom  appears  ii 
south  from  Belmont  coimty.  Traces  of  it  are  reported  occasi 
Morgan,  Monroe,  and  Noble  counties,  while  in  Meigs  and  weste 
ington  a  thin  coal  bed  sometimes  appears  under  the  upper  con| 
of  Andrews.  The  bed  is  present  at  Wheeling  on  the  Ohio,  bn 
south  becomes  thin  and  apparently  disappears  within  30  miles 

In  its  full  development  the  bed  is  double,  triple,  quadruple 
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more  divided  and  the  parting  clays  show  abrupt  variations  in  thickness. 
This  subdivision  is  characteristic  not  only  in  southwest  Pennsylvania^ 
but  also  in  Maryland,  where  the  coal  is  mined  on  commercial  scale.  The 
extreme  subdivision  was  seen  in  northern  Greene  county  of  Pennsyl- 
vania, where  the  measurement  is : 

Feet  iDctaee 

CJoal    1  0 

Clay  1  0 

Bone : 0  6 

Coal    1  3 

Clay    0  6 

Coal    2  2 

Clay 3  0 

Coal    0  3 

Caay    0  4 

Coal    0  6 

Sbale    10  0 

Coal  0  8 

in  all,  21  feet;  but  the  lowest  parting  quickly  decreases  to  2  feet  and 
soon  disappears,  as  do  most  of  the  others;  so  that  within  3  miles  the 
bed  is  double,  averages  6  feet  in  thickness,  and  shows  these  variations : 

Inchee 

Coal   12  to  18 

aay  12  to  48 

Coal   12  to  42 

The  Waynesburg  coal  bed  is  persistent  in  Monongalia,  Marion,  eastern 
Wetzel,  northern  Doddrige,  and  northern  Harrison. of  West  Virginia, 
with  its  chief  thickness  at  the  east  in  the  first  two  counties,  where  it  at 
times  reaches  to  almost  12  feet,  inclusive  of  the  moderately  thick  part- 
ings. Southwardly  it  disapepars  or  is  so  thin  that  drillers  of  oil  wells 
thought  it  not  worth  recording.  It  is  wanting  along  the  southeastern 
and  southern  outcrop,  except  perhaps  at  Arbuckle,  in  Mason  county, 
where  Doctor  White  found  a  multiple  coal  bed  268  feet  above  the  Pitts- 
burg and  underlying  a  pebbly  sandstone.  This  overlying  rock  resembles 
very  closely  that  seen  240  to  250  feet  above  the  Pittsburg  at  Antiquity, 
QOi  the  Ohio  river,  20  miles  north  from  Arbuckle.  That  is  the  Waynes- 
burg sandstone  of  the  Dunkard,  The  sandstone  observed  at  Arbuckle 
leems  to  be  persistent  on  the  southern  outcrop,  but  the  underlying  coal 
bed  is  not. 

Bed  beds  are  unimportant  in  by  far  the  greater  part  of  the  Mononga- 
hela  area;  they  appear  to  be  wholly  absent  from  Maryland,  Pennsyl- 
vania, northern  Ohio,  and  insignificant  along  the  northern  border  of 
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West  Virginia.  The  important  locality  is  in  the  central  region^  within 
West  Virginia  and  Ohio,  where  are  the  great  reds  of  the  Conemaugh, 
some  of  them  extending  downward  into  the  All^heny. 

Bed  beds  appear  in  the  Pittsburg-Upper  Sewickley  interval  within 
the  south  central  comities  of  Ohio,  Monroe,  Washington,  Morgan, 
Athens,  and  Qallia,  as  well  as 'in  Wood,  Ritchie,  Oilmer,  Galhonn,  and 
more  soutiiem  counties  of  West  Virginia.  Farther  north  the  only  oc- 
currence of  red  is  in  Wetzel,  where  5  feet  are  on  the  Pittsburg  coal  bed. 
The  greatest  thickness  is  in  Calhoun,  Mason,  Wood,  and  Bitchie  of  West 
Virginia,  where  the  mass  beginning  at  or  below  the  place  of  the  Pitts- 
burg is  at  times  more  than  100  feet  thick. 

A  widespread  deposit  is  in  Ohio  at  18  to  46  feet  above  the  Upper 
Sewickley  and  varies  from  62  to  14  feet  in  thickness.  It  appears  in 
many  sections  from  southern  Guernsey  through  Monroe,  Morgan,  Wash- 
ington, and  Meigs,  and  it  is  thicker  in  Tyler,  Ritchie,  and  Wood  coun- 
ties of  West  Virginia.  For  convenience  of  reference,  this  may  be  desig- 
nated as  the  Tyler  reds.  Another  deposit,  equally  well  marked,  under- 
lies the  Uniontown  coal  bed  or  its  place  and  is  reported  from  southern 
Marshall,  Marion,  Wetzel,  Doddridge,  Tyler,  Ritchie,  Jackson,  south- 
west Harrison,  and  northeast  Gilmer  of  West  Virginia,  as  well  as  in 
Washington,  Monroe,  Meigs,  and  Guernsey  of  Ohio.  Its  place  is  con- 
cealed in  most  of  the  published  sections  from  Ohio.  It  is  rather  thin 
in  that  state,  seldom  more  than  20  feet,  but  in  Ritchie,  Gilmer,  and  else- 
where in  West  Virginia  it  is  very  thick  and  at  times  continuous  with 
the  Tyler  reds  below.  Reds  occur  at  this  horizon  in  counties  south  from 
those  mentioned,  but  they  are  not  differentiated  in  the  records.  This 
mass,  which  may  be  termed  the  Ritchie  reds,  has  much  greater  extent 
than  the  Washington  reds  of  the  Conemaugh,  but  much  less  than 
the  Pittsburg  reds.  The  chief  area  of  reds  is  in  Wood  and  Ritchie  of 
West  Virginia,  where  there  is  hardly  a  foot  of  the  Monongahela  section 
which  is  not  occupied  in  some  well  or  other  by  red  shale. 

The  variation  in  thickness  of  the  Monongahela — ^that  is,  of  the  in- 
terval between  the  Pittsburg  and  Waynesburg  coal  beds — is  greater  than 
that  of  the  Conemaugh,  the  interval  between  the  Upper  Freeport  and 
Pittsburg  beds.  The  variations  in  these  two  formations  do  not  coincide 
geographically.  The  greatest  thickness  of  the  Conemaugh  is  in  Alle- 
gheny county  of  Pennsylvania,  at  the  most  northerly  exposures  of  the 
Pittsburg,  and  that  thickness  decreases  very  slowly  southward,  losing 
barely  50  feet  by  the  time  the  southern  line  of  the  state  has  been  reached. 
Eastwardly  the  decrease  is  small,  the  interval  being  practically  as  large 
in  Maryland  as  in  southern  Pennsylvania.     Along  the  eastern  border 
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in  West  Yirginia  the  change  is  slight,  but  the  decrease  is  notable  toward 
the  west,  for  in  Ohio  the  interval  becomes  little  more  than  half  that 
nortii  from  Pittsburg. 

In  the  Monongahela  the  greatest  thickness,  somewhat  more  than  400 
feet,  is  in  Marion  and  northern  Harrison  of  West  Virginia.  ISTorth- 
wardlj  this  decreases  gradually,  until  in  northern  Washington  of  Penn- 
sylyania  it  is  but  166  feet  at  least  20  miles  south  from  the  line  of  the 
last  exposure  in  Allegheny  county.  There  is  a  similar  decrease  east- 
wardly,  for  it  quickly  becomes  350  feet,  while  in  Maryland  it  is  barely 
250  feet.  Westwardly  the  decrease  is  slow  for  25  or  30  miles,  but  thence 
more  rapid,  so  that  in  Ohio  the  interval  is  barely  240  feet.  In  that  state 
there  is  a  decrease  northwardly,  and  at  the  last  exposure  in  Jefferson 
county  it  is  but  140  feet,  this  locality  being  northwest  from  the  last 
measurement  in  Pennsylvania.  Toward  the  south,  southeast,  and  south- 
west the  story  is  the  same.  The  area  of  deepest  deposit  is  in  southern 
Greene  and  Payette  of  Pennsylvania,  Monongalia,  Marion,  eastern  Wet- 
zel, northern  Harrison,  Doddridge,  and  eastern  Tyler  of  West  Virginia* 

BA8T  FROM  TBS  ALLBQHBNIBB 

Broad  Top. — Fifty  years  ago  Professor  J.  P.  Lesley  recognized  the 
Pittsburg  coal  bed  in  the  Broad  Top  area  of  Bedford  county,  where  it 
remains  in  a  tract  of  somewhat  more  than  a  square  mile.  Stevenson 
says  that  it  is  reported  5  feet  thick,  but  the  coal  has  never  been  utilized 
and  the  thickness  as  given  is  probably  excessive.  A  limestone  12  feet 
thick  is  at  200  feet  above  the  coal,  and  at  somewhat  less  than  275  feet 
is  another  coal  bed,  belonging  probably  in  the  Dunkard  formation.* 

Maryland. — Some  small  areas  of  great  conmiercial  importance  remain 
in  AU^any  and  Oarrett  coimties  of  Maryland,  showing  the  full  section; 
others  in  Mineral  county  of  West  Virginia  are  very  small  and  retain 
only  the  lower  part  of  the  formation.  The  rocks  throughout  are  tender 
and  disintegrate  readily,  while  the  sandstones  are  rarely  thick  enough 
to  affect  the  topography,  so  that  sections  in  detail  are  obtained  only  in 
shafts  or  borings.  Messrs  O'Harra  and  Martin  give  this  succession  from 
a  shaft  near  Prostburg,  in  Allegany  county : 

Feet     Inches 

1.  Koontz  [Waynesburg]  coal  bed 1         10 

2.  Concealed 20  0 

3.  Waynesburg  limestone  5  7 

4.  Sandstone  and  shale 31  3 

5.  Unlontown  coal  bed 0  5 

6.  Sandstone  and  shale 57  10 

«  J.  J.  Stevemon:  Bedford  and  Fulton  counties  (T  2),  pp.  69,  60,  249. 
y — ^Bdll.  Qmoh.  Boo.  Am.,  Vol.  18,  1906 
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Feet      iDches 

7.  Sewickley  [Tyson]   coal  bed 5  6 

8.  Shale  and  some  sandstone 46  0 

9.  Coal  bed  [Redstone] 2  6 

10.  Shale,  sandstone,  and  shale 28  4 

11.  Limestone   5  6 

12.  Shale 7  8 

13.  [Pittsburg]  coal  bed 40  4 

Feet  Inches 

Goal  and  shale 7  4 

Shale  19  11 

Coal  and  shale 3  7 

Main  coal 9  6 

The  Waynesburg  or  Koontz  bed  is  8  feet  5  inches  at  Koontz,  in  Gar- 
rett, and  6  feet  at  Lonaconing,  in  Allegany.  As  at  the  west,  it  is  triple 
to  quadruple,  with,  at  one  locality,  broad  clay  veins.  It  is  from  90  to 
116  feet  above  the  Sewickley  or  Tyson  coal  bed.  The  thin  streak  re- 
ferred to  the  Uniontown  coal  bed  was  observed  only  in  this  shaft,  its 
place  being  concealed  elsewhere.  The  Sewickley  is  an  important  coal 
bed,  single,  double,  or  even  more  divided,  with  at  times  nearly  5  feet  of 
coal  and  thicker  toward  the  southern  end  of  the  area.  The  coal  bed, 
Number  9,  thought  by  the  Maryland  geologists  to  be  possibly  the  Lower 
Sewickley  seems  rather  to  be  the  Eedstone.  The  assignment  of  the 
lower  part  of  the  section  to  the  Pittsburg  horizon  is  in  accord  with 
Doctor  White's  original  suggestion  respecting  the  section  in  Mineral 
county  of  West  Virginia  and  it  is  rendered  the  more  probable  by  condi- 
tions farther  west.  The  following  measurements  show  the  variations  in 
the  bed : 

Feet  Inches  Feet  Inches 

Goal  and  shale 7            4  8  3 

Shale  19  11  22  6 

Coal  and  shale 3           7  )  ^^ 

Coal  9            ej^  ^  ^ 

Total 40  4  43  3 

Coal    4  6  2  0 

Shale  2  0  6  0 

Coal    1  0  9  6 

Shale  4  9  16  0 

Coal   0  10  4  6 

Shale  and  S.  S 6  11  18  0 

Coal    14  0  7  0 

Total 34  0  63  0 
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The  measurements  are  from  the  Consolidated  shaft,  the  Borden  shaft, 
Lonaconing  and  Mineral  county  of  West  Virginia,  arranged  in  the  order 
from  north  to  south.  At  Lonaconing  one  finds  about  20  feet  of  coal  in 
a  total  of  34  feet;  at  the  Borden  shaft  the  carbonaceous  matter  is  dis- 
tributed throughout  22  feet  of  black  shale  between  the  highest  portion 
and  the  Main  coal.  The  lowest  division  is  known  throughout  as  the 
*TBig  vein/'  The  interval  from  the  Waynesburg.  to  the  Pittsburg  as 
here  described  is  205  to  211  feet* 

WEBT  FROM  THE  ALLEGEBNT  MOUNTAINS,  IN  PENNSYLVANIA 

The  First  and  Second  bituminous  basins. — A  small  area  of  Mononga- 
hela,  known  as  the  Salisbury  basin,  remains  within  the  First  basin  in 
Somerset  county  at  about  50  miles  southwest  from  Broad  top  and  20 
miles  northwest  from  Cumberland,  in  Maryland.  It  embraces  about 
20  square  miles  and  extends  from  near  Meyersdale  southward  almost  to 
the  Maryland  line.  Its  great  coal  bed  was  identified  with  the  Pittsburg 
by  Professor  J.  P.  Lesley  in  1839.  The  area  was  examined  in  1876 
by  F.  and  W.  G.  Piatt  and  J.  J.  Stevenson,  who,  while  agreeing  as  to 
the  measurements,  by  no  means  agreed  respecting  the  relations  of  the 
beds,  t  The  section  at  the  north  end  of  the  area,  as  given  by  the  Messrs 
Piatt,  is: 

Feet 

1.  Coal  bed,  Uniontown 2 

2.  Clay   1  to  6 

3.  Limestone 10 

4.  Slates 42 

5.  Black  slate 3 

6.  Coal  bed 1 

7.  Clay 1 

8.  Black  slate 15 

9.  Coal  bed Blosnom 

10.  Limestone   5 

11.  Concealed  52 

12.  Coal  bed.  Redstone Blossom 

13.  Concealed  15 

14.  Black  shale  10 

15.  Pittsburg  coal  bed 10 

This  section  is  distinct  for  three  miles  southwardly  to  near  Salisbury, 

•  p.  T.  Tyson :  Second  rept.  Agric.  Chemist,  1862,  pp.  46,  47. 
C.  C.  O'Harra :  Allegany  county,  pp.  125,  126,  127,  177,  180. 
G.  C.  Martin :  Garrett  coanty,  pp.   141,  142. 
I.  C.  White:  U.  8.  Geol.  Survey  Bulletin,  no.  65,  pp.  56,  63. 
t  Bat  SteTenson   in   his  report  on  the  Fayette  and  Westmoreland  district  accepted 
the  conclaslons  of  his  colleagues,  as  they  had  been  adopted  by  the  Director  of  tht 
Sorrey. 


48         J.  J.  8TEVBN80N — CASBOKIFEBOUS   OF   APPALACHIAN    BASIN 

beyond  which  the  sudden  southward  rise  of  the  measures  and  decrease 
in  height  of  the  hills  prevent  direct  tracing  of  the  higher  beds.  To 
increase  the  difficulty,  the  continuity  is  broken  by  a  broad  valley,  cut 
down  to  the  Pittsburg  coal  bed,  whose  decayed  outcrop  is  on  the  surface. 

The  highest  coal  bed  is  double,  2  feet  2  inches  at  the  most  northerly 
exposure  and  2  feet  9  inches  at  2^^  miles  from  Meyersdale.  The  under- 
lying limestone,  152  to  160  feet  above  the  Pittsburg  coal  bed,  the  160- 
foot  limestone  of  the  Platts,  is  10  to  12  feet  thick  and  continuous  at 
the  northern  exposure,  but  at  the  most  southerly  exposure  of  the  full 
section  it  is  divided,  with  2  feet  of  coal  above  the  middle.  It  is  quarried 
at  several  places  and  always  yields  lime  of  great  purity.  The  limestone, 
No.  10,  from  72  to  87  feet  above  the  Pittsburg,  the  90-foot  lime- 
stone of  the  Platts,  is  5  feet  thick  at  the  northern  exposure,  but  increases 
to  10  feet  at  2  miles  northwest  from  Salisbury.  It  has  been  opened  at 
a  few  places,  but  it  is  very  impure  everywhere,  contrasting  in  this  respect 
with  the  upper  limestone. 

The  "Redstone,^'  or  44-foot  coal  of  the  Platts,  is  26  feet  above  the 
Pittsburg  in  one  section  and  35  feet  above  that  bed  in  three  other  sec- 
tions, of  which  the  most  southerly  is  about  3  miles  southwest  from 
^feyersdale.  The  material  filling  the  interval  in  these  sections  is  the 
same  throughout — sandstone,  15  feet;  black  shale,  20  feet.  The  com- 
piled section  for  Salisbury  given  in  the  Somerset  County  report  is 
erroneous,  as  it  shows  a  limestone  below  the  '^Bedstone,"  which,  as  may 
be  seen  by  reference  to  the  text,  does  not  exist  there— or,  as  for  that 
matter  anywhere  else.  There  is  no  coal  between  the  Pittsburg  and  the 
"Redstone,^*  and  the  latter  coal  at  the  last  exposure  of  the  typical  sec- 
tion shows : 

Feet  Inchei 

Coal    2  0 

Parting —         — 

Coal  1  3 

Clay 0  1 

Coal  1  3 

but  at  half  a  mile  away  it  is  5  feet  6  inches  thick,  with  the  bottom 
bench  4  feet.  Here  one  reaches  the  broad  deep  valley,  beyond  which 
the  section  is: 

Feet      Inches 

Limestone  Not  measured 

Interval  65  0 

Coal  bed 4  6 

Black  shale 11  0 

Pittsburg  coal  bed Not  measured 
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but  at  a  mile  west  from  Salisbury  this  limestone  is  only  55  feet  above 
the  coal  bed^  which  is  13  and  at  another  exposure  18  feet  above  the  Pitts- 
burg. The  coal  bed  is  triple,  6  feet  1  inch  thick  and  with  the  thick  bot- 
tom bench  seen  at  the  last  exposure  of  the  ''Bedstone/'  Black  shale 
seems  to  fill  the  interval  to  the  Pittsburg.  No  trace  of  coal  appears  at 
35  to  40  feet  above  the  Pittsburg,  nor  is  any  coal  found  at  that  horizon 
anywhere  south  from  a  line  passing  east  and  west  at  3^  miles  south- 
west from  Meyersdale.  The  coal  bed,  11  to  18  feet  above  the  Pittsburg, 
is  evidently  the  ''Bedstone"  and  the  decreased  interval  is  due  to  dis- 
appearance of  the  sandstone.  Followed  southward,  this  bed,  termed  the 
''rider''  in  the  Somerset  county  report,  constantly  approaches  the  Pitts- 
burg, the  interval  becoming  6,  4,  and  1  foot.  Very  near  the  southern 
eid  of  the  area,  Mr  W.  G.  Piatt  measured : 

Feet 

1.  Concealed 15 

2.  Fermginons  sandstone 9 

3.  Concealed 11 

4.  Coal  bed Blossom 

5.  Clay 6 

6.  Limestone 10 

7.  Concealed 12 

8.  Coal  bed 4 

9.  Slate   , 4 

10.  Pittsburg  coal  bed 10 

and  the  coal  bed.  Number  4,  exposed  near  by,  is  very  like  the  "Union- 
town*'  of  the  northern  section.  It  is  taken  to  be  the  "Bedstone"  in  the 
Somerset  County  report.  The  underlying  limestone  is  almost  exactly 
the  same  in  composition  with  the  160-foot  limestone  at  the  north,  the 
variation  being  barely  one  per  cent  in  any  constituent.  It  disappears 
quickly  southward  and  the  Ferruginous  sandstone  is  very  near  the  Pitts- 
bnrg  at  the  most  southern  exposure. 

Stevenson^s  conclusion  was  that  this  limestone  at  the  southern  end  is 
the  160-foot  limestone  of  the  northern  end;  that  the  coal  overlying  it 
ifl  the  "Uniontown,"  and  that  the  "rider"  of  the  southern  is  the  "Bed- 
atone"  of  the  northern  portion.  He  regarded  all  the  higher  beds  as 
apUts  from  the  Pittsburg,  but  he  was  unable  to  correlate  them  with  beds 
farther  west. 

The  Pittsburg  coal  bed  shows  unusually  abrupt  variations  in  structure 
and  quality.  At  the  north  it  is  divided  into  many  benches  and  the  sec- 
tion at  one  pit  cannot  be  duplicated  at  another.  Southward  from  Salis- 
bniy  it  is  apparently  solid  coal  in  the  8  feet  above,  but  the  foreign  mat- 
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ter  seems  to  be  distributed  throughout  so  as  to  increase  the  ash.  The 
thickness  varies  from  8  feet  6  inches  to  9  feet.* 

Some  small  patches  remain  within  the  Second  basin  north  from 
Ligonier,  in  Westmoreland  county,  at  about  40  miles  northwest  from  the 
Salisbury  basin.     The  measurements  are: 

Feet  Inches 

1.  Limestone   6  0 

2.  Concealed  and  thin  limestones Ill  0 

3.  Ck>al  or  coaly  shale 0  6 

4.  Clay 3  0 

5.  Limestone  8  0 

6.  Shale  and  sandstone 28  0 

7.  Clay 2  0 

8.  Limestone 4  to  10  0 

9.  Coal  bed 2  9 

10.  Shale   17  to  37  0 

11.  Pittsburg  coal  bed 8  0 

It  is  difficult — ^indeed,  impossible — to  make  positive  correlation  of  the 
beds  above  the  ^Pittsburg.  The  interval,  Number  10,  decreases  north- 
ward, the  measurements  being  3  miles  apart.  This  locality  is  far  north 
for  Monongahela  and,  compared  with  the  Blairsville-Connellsville  basin 
a  few  miles  west,  the  limestone  is  in  great  excess.  It  is  quite  possible 
that  the  highest  limestone  belongs  within  the  Dunkard.  The  Pittsburg 
shows  traces  of  a  roof  division,  apparently  wanting  in  the  Salisbury 
basin,  there  being  on  top  at  most  of  the  pits  from  8  to  12  inches  of  coal 
and  slate  interleaved.  The  main  coal  is  usually  8  feet  thick  and  is  in 
five  benches,  in  which  the  character  of  the  coal  differs.  The  '^bottom," 
about  8  inches,  is  very  poor,  but  the  second,  2  feet  thick,  is  very  good; 
the  third,  ordinarily  less  than  1  foot,  is  broken  by  many  binders  of  clay 
and  mineral  charcoal ;  the  fourth,  about  2  feet,  is  prismatic,  tender,  and 
very  pure,  while  the  top  bench  is  hard  coal,  often  containing  some 
cannel.-)- 

The  Blairsville'Connellsville  basin, — This  following  the  westerly  foot 
of  Chestnut  ridge,  the  last  great  fold  of  the  Appalachian  in  Pennsyl- 
vania, may  be  regarded  as  practically  continuous  from  the  Kiskiminetis 
river  at  the  north  across  Fayette  and  Westmoreland  counties  to  within 
a  few  miles  of  the  West  Virginia  line  at  the  south.  The  section  rarely 
extends  much  above  the  Waynesburg  coal  bed,  the  rocks  yield  readily  to 

*  p.  dt  W.  O.  Piatt :  Someraet  county  (H  3),  pp.  78,  83,  85,  86,  89,  93,  94,  pi.  vl,  ligt. 
39,  30,  31,  82,  33,  39. 

J.  J.  SteveDson :  Fayette  and  Westmoreland  (K  2),  pp.  40,  41,  63,  54. 

tJ.  J.  Stevenson:  Fayette  and  Westmoreland,  pt  11  (K  3),  pp.  14,  162,  168,  167, 
168,  169. 
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the  weather^  and  the  surface  for  the  most  part  is  gently  rolling,  so  that 
natural  exposures  are  comparatively  rare. 

On  the  Pennsylvania  railroad,  about  8  miles  south  from  the  Kis- 
kiminetis  river,  some  cuts  give  opportunity  for  approximate  measure- 
ment; two  imperfect  sections  were  obtained,  one  at  a  mile  and  a  half, 
the  other  at  5^2  miles  north  from  the  railroad,  and  Mr  Piatt  gives  a 
measurement  in  Indiana  county  at  a  short  distance  north  from  the  river. 
These  may  be  compared. 

iDcheB     Feet 


Feet 
L  Sandstone    

2.  Goal  bed 

3.  Sandy  shale 

4.  Limestone   

5.  Interval   

6.  Coal    bed 

7.  Shales   « .     30 

&  Limestone   1 

8.  Clay,       concealed,     and 

sandstone    40 

10.  Coal    0 

11.  Shale   7 

12.  Coal   0 

13.  Limestone 1 

14.  Shales    35 

15.  Coal  bed  0 

16.  Clay,  calcareous  shale...       4 

17.  Interval    80 

18.  Pittsburg  coal 9 


Feet    Inches       Feet 
Not  measured  Not  measured 


Blossom 
0    ar) 
6    Fragments 

0 

8 

0^70 
10 

6 

0 

S''  Blossom 

6»  r»o 


Blossom 

15      0 

5      0 


.75 


Blossom 
15 
Fragments 


60 


Blossom 
5      0 

1      6 


Blossom 


«} 


} 


1 44 


60      0 


0     Blossom 


Blossom 


There  is  an  error  in  the  first  measurement,  and  the  interval  from  Number 
8  to  the  Pittsburg  is  161  feet;  in  the  second  it  is  120;  in  the  third  the 
Lower  Sewickley  coal  bed  is  but  66,  and  in  the  fourth  only  44  feet  above 
the  Pittsburg.  The  highest  coal  bed,  shown  nowhere  in  the  vicinity  of 
the  first  two  measurements,  underlies  a  massive  sandstone  and  seems 
to  be  at  the  Waynesburg  horizon ;  so  that  the  Monongahela  appears  to  lose 
about  100  feet  of  thickness  in  10  miles.  This  is  in  accord  with  condi- 
tions farther  west  along  the  northern  outcrop. 

Six  miles  south  from  the  Pennsylvania  railroad  the  interval,  Waynes- 
burg to  Pittsburg,  by  barometer  without  regard  to  the  dip,  is  280  feet. 
The  higher  coal  bed  is  triple,  4  feet  thick,  with  3  feet  of  worthless  coal, 
and  is  separated  by  25  feet  of  sandy  shale  from  the  Waynesburg  lime- 
stone below.  The  Benwood  limestone,  practically  absent  on  the  railroad, 
is  thick  at  8  miles  south,  where  it  is  25  feet  above  the  Lower  Sewickley, 
which  is  about  4  feet  thick.    The  Eedstone  horizon  shows  only  black 
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shale.  The  roof  division  of  the  Pittsburg,  rarely  thicker  than  3  inches 
north  from  the  railroad,  increases  southwardly  to  6  inches  and  1  foot, 
and  at  4  miles  the  bed  shows : 

Roof,  S-4  feet  4  inches ;  clay  1  to  18  inches ;  Main  coal,  7  feet  9  inches, 

the  roof  consisting  of  coal  and  clay  interleaved.  Eight  miles  farther 
south,  near  Mount  Pleasant,  the  Waynesburg,  underlying  its  sandstone, 
is  6  feet  thick  and  6Q  feet  above  the  Uniontown  coal  bed.  Here  one 
sees  the  Little  Waynesburg  coal  bed;  the  Waynesburg,  Uniontown,  and 
Benwood  limestones  are  present  and  thick,  the  last  two  being  separated 
by  30  feet  of  sandstone.  The  Lower  Sewickley  coal  bed,  underlying  the 
Sewickley  sandstone,  is  only  18  inches  thick  and  40  feet  above  the  Bed- 
stone, which  shows  2  to  4  feet  of  coal  and  is  somewhat  more  than  80 
feet  above  the  Pittsburg.* 

There  are  few  exposures  above  the  Pittsbui^g  in  northern  Payette 
coimty  and  erosion  by  tributaries  of  Jacobs  creek  and  Youghiogheny 
river  has  removed  much  of  the  Monongahela.  The  conditions  south 
from  the  Youghiogheny  are  little  better,  but  records  of  shafts  and  bor- 
ings are  numerous  and  show  notable  variation  in  the  lower  part  of  the 
section,  quite  like  those  of  the  Potomac  areas  and  the  Salisbury  basin. 

The  Waynesburg  coal  bed  is  exposed  near  Mount  Braddock,  about  6 
miles  from  the  river,  where  it  is  4  feet  thick  and  71  feet  6  inches  above 
the  Uniontown  coal  bed,  as  measured  in  a  boring  there.  Four  miles 
farther  south  the  interval  is  77  feet.  The  Little  Waynesburg  is  present 
at  both  localities,  31  and  25  feet  below  the  Waynesburg  and  resting  on 
the  Waynesburg  limestone.  The  Waynesburg  and  Uniontown  lime- 
stones are  persistent,  though  thin,  to  the  last  exposure  of  their  horizons, 
and  in  the  southern  part  of  the  basin  the  Uniontown  coal  bed  underlies 
an  impure  limestone  containing  many  small  lamellibranchiates  of  un- 
determined relations.  The  lower  part  of  the  column  is  shown  in  the 
Leisenring  shaft,  3  or  4  miles  south  from  Gonnellsville,  an  exposed  sec- 
tion at  3  miles  southeast  from  Gonnellsville,  and  at  the  Leith  shaft,  12 
miles  south.    The  measurements  are: 

Feet        Inches     Feet       Inehee     Feet   Inches 

1.  Limestone    29 

2.  Shale    8 

8.  Limestone  26 

4.  Shale  or  clay 5 

6.  Upper  Sewickley  coal  bed 2 

6.  Sewickley  sandstone  or  shale...  30 

^  J.  J.  Stevenson:   (K  2),  pp.  266,  267,  271,  272,  273,  274,  279,  281,  288,  284. 
W.  O.  Piatt:  Indiana  county  (H  4),  p.  167. 
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Feet        Inches      Feet      Inches      Feet    Inches 

7.  Lower  Sewickley  coal  bed 0  6  0  10  0  0 

8.  Fisbpot  limestone  and  clay 7  6  11  0         28  6 

9.  Sbale  and  black  Bbale 8  0  20  0  39  0 

10.  Eedfltone  coal  bed 2  0  4  0  5  11 

11.  Bedstone  Umestone  14  0  5  0  13  9 

12.  Slates  24  0  25  0  24  0 

13.  Pittsburg  coal  bed 

Coal 0  2  1  0  1  0 

Slate 31  0  ^ 

Coal 1  0  C  60  0  27  6 

Slate 21  0  ) 

Coal  and  slate 6  0  6  0  12  8 

Main  coal \  10  0  10  0  10  0 

Thus  giving  for  the  Pittsburg  horizon  the  thickness  of  68,  66,  and  61 
feet,  decreasing  southwardly. 

Both  of  the  Sewickley  beds  are  present  near  the  Youghiogheny  and 
are  separated  by  the  Sewickley  sandstone;  but  the  sandstone  disappears 
southwardly,  and  at  Uniontown  as  well  as  at  Leith  there  is  only  one  bed, 
and  that  at  the  place  of  the  Upper,  while  the  Pishpot  limestone  has 
made  a  notable  increase.  The  interval  from  the  Benwood  limestone  to 
the  Bedstone  coal  bed  shows  a  great  increase  southwardly,  but  that  from 
the  Bedstone  to  the  Pittsburg,  as  here  defined,  shows  little  change,  only 
3  inches.  The  interval  from  the  Redstone  coal  bed  to  the  main  divi- 
sion of  the  Pittsburg  decreases  from  96  feet  at  Leisenring  to  78  at 
Leith.  The  condition  shown  in  the  lower  part  of  the  section  prevails 
certainly  to  some  distance  north  from  the  Youghiogheny  river,  for  at 
Connellsville  a  "rider''  coal,  one  foot  thick,  is  at  14  feet  above  the  roof 
division.  The  decrease  is  slow  in  the  northerly  direction,  for  at  Mount 
Pleasant,  in  southern  Westmoreland,  the  Bedstone  is  still  a  little  more 
than  80  feet  above  the  main  division  of  the  Pittsburg;  but  the  decrease 
southwardly  is  rapid,  for  on  the  National  road,  at  two  miles  southeast 
from  Leith,  the  Bedstone  and  Sewickley  are  60  and  90  feet  above  the 
Pittsburg,  both  Bedstone  and  Pishpot  limestones  being  present.  Six 
or  8  miles  south  from  Leith  the  normal  condition  of  the  Pittsburg  is 
found  and  a  complete  measurement  along  the  road  shows : 

Feet 
Waynesburg  coal  bed 816 

Uniontown  coal  bed 241 

Lower  Sewlckl^  coal  bed 80 

Redstone  coal  bed 30 

feet  above  the  Pittsburg,  with  the  Waynesburg,  Uniontown,  Pishpot, 
and  Bedstone  limestones  all  present  and  the  Sewickley  sandstone  over- 
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lies  its  coal  bed.  The  Benwood  is  represented  by  several  thin  beds. 
Farther  south  the  Lower  Sewickley  becomes  variable,  1  to  6  feet,  the 
Bedstone  coal  is  but  one  foot  6  inches  and  its  limestone  disappears.'^ 

The  Greensburg  basin. — This  is  a  canoe  within  central  Westmoreland 
in  which  the  Monongahela  passes  out  southwardly  at  a  few  miles  south 
from  the  Pennsylvania  railroad.  The  strong  Blairsville  and  Saltsburg 
anticlines  separate  it  from  basins  at  the  east  and  west.  It  retains  two 
small  but  important  areas  of  Monongahela.  The  section  reaches  to  fully 
400  feet  above  the  Pittsburg  coal  bed,  but  the  shales  and  limestones 
break  up  under  the  weather  so  readily  that  there  are  no  natural  ex- 
posures. Long,  deep  cuts  on  the  railroad  east  and  west  from  Greens- 
burg give  this  section : 

Feet       Inches 

1.  Limestone    2  G 

2.  Shale  and  limestone   119  0 

3.  Shale    40  0 

4.  Coal   bed    3  4 

5.  Shale  and  flaggy  sandstone 48  0 

6.  Limestone  and  shale 26  0 

7.  Shale    48  0 

8.  Pittsburg  coal  bed: 

Feet     Inches  Feet        Inches 
Coal  and  shale 2  6  to    5  4 

Shale    9  0  to  18  0 

Clay  and  coal,  roof 0  3  to    5  8 

Clay  0  6  to    3  0 

Coal    %  6to    7  8 

The  main  division  of  the  Pittsburg  shows  comparatively  little  variation 
on  the  west  side,  being  usually  8  feet,  but  the  changes  in  the  roof  are 
abrupt.  The  little  coal  above  at  the  top  of  the  horizon  is  thoroughly 
persistent,  its  blossom  having  been  observed  at  many  places  within  the 
basin.  There  seems  to  be  no  trace  of  the  Redstone,  for  its  place  is  well 
exposed.  The  coal  bed,  Number  4,  is  equally  persistent,  but  is  fully 
shown  only  along  the  railroad,  where  it  is  a  double  bed  with  from  16  to 
30  inches  of  coal.  It  may  be  at  the  Upper  Sewickley  horizon,  but  its 
place  is  uncertain.  Limestone  is  present  in  large  proportion  and  in  this 
respect  the  section  differs  greatly  from  that  at  a  few  miles  east  in  the 
Blairsville-Connellsville  and  west  in  the  Lisbon  Irwin  basin.t 

The  Lisbon-Irwin  basin. — This  lies  west  from  the  Saltsburg-Payette 
anticline  and  extends  westwardly  to  the  Wa}Tiesburg  fold.    A  small  area 

•J.  J.  Stevenson:  (K  2),  pp.  134,  135,  136,  144,  146,  147,  153,  154,  165,  156,  179, 
180,  191.  The  writer  is  under  obligation  to  Messrs  W.  Beeson,  A.  D.  Ewlng,  and  J.  V. 
Thompson  of  Uniontown,  l*ennsylyanla,  for  records  of  shafts  and  borings. 

tJ.  J.  Stevenson:   (K  2),  272,  298,  299,  300. 
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of  MonoBgahela,  known  as  Elders  ridge,  and  north  from  the  Easki- 
minetis  river  along  the  Armstrong-Indiana  border,  was  studied  by  Mr 
W.  G.  Piatt  and,  25  years  later,  by  Mr  E.  W.  Stone.  Another  small 
area  remains  in  Westmoreland  at  1  mile  and  the  continuous  body  is 
reached  at  7  miles  south  from  the  Kiskiminetis.  The  first  clear  section 
is  at  the  Youghiogheny  shaft  near  Irwin,  20  miles  south  from  Elders 
ridge;  at  somewhat  more  than  4  miles  north  is  a  boring,  and  at  4  miles 
farther  north  is  another,  very  near  the  end  of  the  continuous  area. 
These  may  be  compared  as  follows : 

Feet  Inches  Feet  Inches  Feet       Inches 

1.  Uniontown  coal  bed 3          0  0  11  0  5 

2.  Shale,  limestone,  sandstone.          106          0  72  7  50  8 

3.  Goal   bed    lto3          0  4  9  1  3 

4.  Sbale,  limestone,  sandstone.            50         0  67  6  70  0 

5.  Pittsburg  coal  bed 11         2  15  6  Not  measured 

Along  the  Pennsylvania  railroad  the  Uniontown  coal  bed  is  about  160 
feet  above  the  Pittsburg  and  is  above  its  limestone.  In  the  first  section 
it  is  about  60  feet  below  the  Waynesburg,  which  is  exposed  on  the  hill- 
side and  about  3  feet  thick.  The  Benwood  limestone  is  15  feet  thick 
and  35  feet  below  the  Uniontowil  limestone,  so  that  it  represents  the 
upper  part  of  the  mass.  A  hard  sandstone,  25  feet  thick,  rests  on  the 
middle  coal  bed  along  the  railroad,  while  at  8  to  11  feet  below  that 
coal  is  a  limestone;  this  condition  suggests  reference  of  the  coal  bed  to 
the  Lower  Sewickley.  The  interval  from  the  Uniontown  to  the  Pitts- 
burg decreases  northwardly,  being  158,  145,  and  122  feet  in  the  measure- 
ments given,  while  one  intermediate  between  the  last  two  shows  131. 
The  coal  beds  of  the  section  are  present  in  Elders  ridge,  where  they  are 
98  and  35  feet  above  the  Pittsburg.  An  intermediate  observation  shows 
the  lower  bed  at  65  feet  above  the  Pittsburg,  marking  the  renewed  de- 
crease in  that  direction.  No  higher  coal  is  recorded  in  northern  West- 
moreland, where  a  record  gives  the  overlying  beds  for  85  feet ;  the  high- 
est is  a  limestone,  7  feet  6  inches,  evidently  the  same  with  that  seen  in 
Elders  ridge  at  83  feet  above  the  Uniontown.  The  Fishpot  and  Union- 
town  limestones  disappear  northwardly,  only  the  Benwood  persisting  in 
Elders  ridge. 

The  Pittsburg  retains  its  complex  structure  along  the  Pennsylvania 
railroad,  where  one  often  finds  the  "rider'^  coal  of  this,  as  in  the  Greens- 
burg  basin.  In  the  Youghiogheny  shaft  this  little  coal  is  distributed  in 
fragments  throughout  2  feet  of  sandstone.  The  roof  division  is  as 
variable  here  as  elsewhere ;  at  one  pit  it  is  7  feet  4  inches  thick,  in  nine 
layers,  with,  in  all,  3  feet  5  inches  of  coal,  but  in  another  less  than  a 
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mile  away  it  is  2  feet  1  inch  thick  and  with  but  2  inches  of  slate.  The 
main  division  is  very  uniform,  though  often  cut  out  badly  by  descent 
of  the  sandstone  roof,  and  so  sometimes  distorted  by  clay-veins. 

Southwestwardly  the  limestones  increase  as  rapidly  as  in  the  Blairs- 
ville  basin,  for  within  a  few  miles  the  Benwood  limestone  is  about  80 
feet  thick,  with,  directly  under  it,  a  richly  carbonaceous  shale  repre- 
senting the  Upper  Sewickley.  The  Waynesburg  coal  bed  is  shown  far- 
ther south,  near  the  Youghiogheny,  thick  and  25  feet  above  7  feet  of 
Waynesburg  limestone.  The  Benwood  is  65  and  the  Fishpot  is  20  feet 
thick  on  the  Youghiogheny.  The  Upper  Sewickley  coal  bed,  directly 
under  the  Benwood,  is  5  inches  thick  and  separated  by  the  thinly  bedded 
Sewickley  sandstone  from  the  limestone  below.  The  Redstone  coal  bed 
is  60  feet  above  the  Pittsburg  and  its  ferruginous  limestone  is  6  feet 
thick.  Between  the  Youghiogheny  and  the  Monongahela  an  imperfect 
measurement  gave  260  feet  as  the  interval  from  Waynesburg  to  Pitts- 
burg. The  Waynesburg,  Uniontown,  and  Upper  Sewickley  are  all  very 
thin,  but  the  Redstone  is  often  3  feet.  The  last  bed  is  much  cut  by  clay 
veins,  which  bear  no  relation  to  disturbances  in  coal  beds  above  or  below. 
Such  clay  veins  are  characteristic  of  the  Redstone  and  explain  its  absence 
from  many  records  and  sections.  In  this  space  between  the  rivers  the 
Fishpot  and  Redstone  limestones  become  very  irregular  at  and  in  many 
places  are  represented  only  by  nodules.* 

Passing  over  into  Fayette  coimty,  one  finds  the  intervals  increasing 
rapidly,  though  showing  some  irregularity.  Between  the  Youghiogheny 
and  the  Monongahela,  all  members  of  the  section  except  the  Lower 
Sewickley  coal  bed  are  exposed  frequently.  The  Waynesburg  coal  bed  is 
sometimes  4  feet  thick,  the  Upper  Sewickley  is  from  3  inches  to  30  inches 
thick,  and  the  Redstone  3  to  4  feet,  but  the  Little  Waynesburg  and*  the 
Uniontown  are  very  thin.  The  limestones  are  important,  the  Benwood 
occasionally  becoming  90  and  the  Fishpot  35  feet  thick.  The  interval 
from  Waynesburg  to  Pittsburg  is  330  feet  in  Franklin  township,  where 
the  Upper  Sewickley  is  118  feet  above  the  latter  bed.  The  Redstone 
coal  bed  is  25  to  40  feet  above  the  Pittsburg  and  the  Redstone  limestone 
is  somewhat  indefinite.  Near  Brownsville,  on  the  Monongahela,  the 
Waynesburg  is  345  to  360  feet  above  the  Pittsburg  and  the  Upper 
Sewickley  is  only  6  inches  thick.  In  this  direction  the  Benwood  lime- 
stone becomes  broken  by  a  sandstone  which  at  Brownsville  is  20  feet 
thick. 

•J.  J.  Stevenson:  (K  2),  pp.  329.  335,  886,  830,  851.  852.  868.  861.  362.  863,  864. 
R.  W.  Stone:  U.  S.  Geol.  Survey  folios,  Elders  ridge,  p.  6. 
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Important  mining  operations  in  German  and  Redstone  townships 
have  led  to  making  many  shafts  and  borings,  which  exhibit  conditions 
imsnspected  from  the  surface  exposures.  Four  of  these  from  a  small 
area  may  be  compared. 

I,  Brier  Hill  shaft;  II,Hibbsfarmboring;  III,  Edenton  shaft;  IV,  Lambert  shaft 

Feet 

1.  Waynesburg  coal 5.3 

2.  Sandstone  fireclay 14 

3.  Little  Waynesburg  ooal...  3.5 

4.  Waynesburg  limestone....  10.6  ^ 

5.  Interval    47.5 

6.  Uniontown  coal  bed 4.2 

7.  Interval    7.8 

8.  Uniontown  limestone   ....  8.8 

9.  Interval    7.9 

10.  Benwood  limestone  121.2 

11.  Interval    2.3 

12.  Upper  Sewickley  coal 3.4 

13.  Sandstone,  shale   ........  36.1 

14.  Lower  Sewickley  coal 0.0 

15.  Interval    0.0 

16.  FIshpot   limestone 24.3 

17.  Interval    21.4 

la  Redstone  coal  0.0 

19.  Interval    0.0 

20.  Redstone  limestone 16.0 

21.  Interval    0.0 

22.  Pittsburg  coal 

Goal  and  shale 7.8 

Shale,  fireclay,  black  shale  23 . 7 

Main  coal 7.0 


Feet 

Feet 

Feet 

7 

6 

8 

r23 

88 

4 

0.2 

69      , 

3 

55 

31 
4 

2 

2 

28 

2 

®^ 

23f 

120 

159 

136  \ 

2 

5 

0 

1 

0.8 

Trace 

28 

38 

27 

. . 

•   • 

2 

•  • 

•  • 

3 

18 

21 

18 

f  ^^ 

21 

1 

1 

61      ] 

3 

0 

•V 

I  12 

15 
23 

22. 

45 

2.6 
20.6 

1 

7 

7 

7 

The  interval  from  Wajmesburg  to  Pittsburg  varies  between  360  and 
380  feet.  The  Benwood  and  Uniontown  limestones  are  continuous  in 
the  Lambert  shaft,  where  the  mass  contains  only  3  feet  of  sandstone, 
and  they  are  almost  continuous  in  the  Brier  Hill,  where,  however,  there 
is  a  much  greater  amount  of  shale  and  sandstone.  The  Bedstone  and 
Pishpot  limestones  retain  their  importance.  The  interesting  feature  is 
the  wide  separation  of  the  parts  of  the  Pittsburg  coal  bed,  recalling  con- 
ditions already  observed  in  the  Potomac,  Salisbury,  and  Connellsville 
areas.  The  intervening  22  feet  in  the  Hibbs  boring  is  filled  with  car- 
bonaceous shale,  but  in  the  other  records  a  thin  sandstone  is  reported. 
The  interval  from  the  Upper  Sewickley  to  the  Pittsburg  main  coal  is 
from  139  to  112  feet,  and  the  Sewickley  sandstone  is  sometimes  only  a 
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sandy  shale.  Farther  south,  in  German  township,  the  interval  is  only 
104  feet  and  the  top  part  of  the  Pittsburg  is  represented  by  8  feet  of 
black  shale,  with  2  inches  of  coal  in  the  lower  part  at  8  feet  above  the 
roof  division.  There  also  the  Waynesburg  coal  is  102  feet  above  the 
Uniontown  and  42  feet  above  the  Waynesburg  limestone.  The  Waynes- 
burg coal  bed,  in  numerous  layers,  is  7  feet  2  inches  thick,  but  the  Little 
Waynesburg  and  the  Uniontown  are  thin,  only  30  inches  each.  Still 
farther  south  the  Sewickley  sandstone  decreases  and  the  interval  be- 
tween Upper  Sewickley  coal  bed  and  the  Fishpot  limestone  diminishes, 
until  near  the  last  exposure  the  coal  and  limestone  are  almost  in  con- 
tact, the  former  at  only  64  feet  above  the  Pittsburg.  There  one  is  on 
the  extreme  eastern  edge  of  the  basin,  practically  on  top  of  the  fold. 
The  Sewickley  and  Redstone  coal  beds  are  6  and  4  feet  respectively,  the 
latter  separated  from  the  Pittsburg  by  25  feet  of  sandstone;  but  the 
Fishpot  limestone  is  still  important,  being  10  feet  thick. 

On  the  opposite  side  of  the  Monongahela,  in  Greene  county,  one  is 
on  the  west  side  of  the  basin  and  there  is  less  variation  in  the  section. 
At  about  12  miles  north  from  the  West  Virginia  line  the  Waynesburg 
is  90  to  95  feet  above  the  Uniontown,  which  is  double,  its  benches 
separated  by  10  feet  of  sandstone.  The  Benwood  limestone,  resting  on 
the  Upper  Sewickley,  is  76  feet  thick  and  separated  by  30  feet  of  sand- 
stone from  the  Uniontown  limestone  above.  The  Sewickley  sandstone 
is  40  feet  thick  and  the  Wa}Tiesburg  coal  bed  is  370  feet  above  the  Pitts- 
burg. Southward  the  section  changes  little,  except  that  the  Benwood 
limestone  becomes  thinner,  its  lower  portion  is  replaced  by  sandstone, 
and  the  interval  from  Upper  Sewickley  to  the  Fishpot  diminishes.  The 
Redstone  coal  bed,  36  to  54  feet  above  the  Pittsburg,  is  almost  invariably 
accompanied  by  its  limestone.  The  interval  between  Waynesburg  and 
Pittsburg  is  390  feet  at  the  last  complete  exposure  near  the  West  Vir- 
ginia line.* 

The  Waynesburg  basin. — In  this  basin,  between  the  Waynesburg  and 
Bradys  Bend  (Washington)  anticlines,  detached  areas  remain  in  Alle- 
gheny county  north  from  the  Monongahela  river,  but  beyond  that  stream 
the  area  is  continuous  southwestwardly  into  West  Virginia. 

In  southern  Plum  township  of  Allegheny,  about  10  miles  west  from 
the  most  northerly  bore-hole  in  Westmoreland  county,  the  hills  rise  to 
nearly  200  feet  above  the  Pittsburg  coal  bed,  but  show  nothing,  aside 
from  shales  and  sandstones,  except  a  limestone,  8  to  10  feet  thick  and 
70  feet  above  the  coal.    This  may  be  some  portion  of  the  Benwood.  Four 


•J.  J.  Steyenson:  Greene  and  Washington   (K),  pp.  92,  94,  97,  98,  116,  118,  123, 
184,  135;  (K  2),  pp.  204,  207,  208,  209,  210,  213,  215,  216,  233,  238,  239,  240,  241,  250. 
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miles  southward  a  limestone  5  to  7  feet  thick  was  seen  150  feet  above 
the  coal,  and  at  2  miles  farther  south  it  is  170  feet.  It  yields  a  dark 
but  very  strong  lime  and  underlies  a  flaggy  sandstone.  Stevenson  took 
it  to  be  the  Waynesburg  limestone,  but  it  is  more  likely  to  be  the  Union- 
town,  as  the  other  does  not  extend  so  far  north,  and  the  overlying 
sandstone  may  be  the  Waynesburg  in  the  Dunkard  formation.  Sand- 
stone or  sandy  shale  overlies  the  Pittsburg  coal  and  extends  upward  40 
feet  to  a  black  shale  holding  some  coal.  No  other  exposure  was  seen 
and  the  Benwood  limestone  if  present  must  be  very  thin ;  but  that  lime- 
stone is  not  less  than  60  feet  thick  at  10  miles  farther  south,  where  the 
Waynesburg  coal  bed  is  250  feet  above  the  Pittsburg.  At  8  miles  west 
from  the  Monongahela  river,  in  Snowden  township,  the  Waynesburg  coal 
bed,  resting  on  the  yellow  Unionfown  limestone,  is  250  feet  above  the 
Pittsburg  and  the  Benwood  limestone,  in  many  layers  separated  by  shale, 
is  70  feet  thick.* 

Passing  over  into  Union  township  of  Washington  coimty,  one  finds 
the  intervals  increasing,  format  6  or  7  miles  from  the  last  locality  the 
Waynesburg  coal  bed  is  55  to  60  feet  above  the  Uniontown  and  the 
Waynesburg  limestone  is  not  present.  The  Benwood  limestone,  60 
feet  thick,  is  very  largely  calcareous  shale  and  the  Fishpot  seems  to  be 
wanting,  but  the  Redstone  makes  its  appearance,  one  foot  thick  and  6 
feet  below  its  coal  bed,  which  is  50  feet  above  the  Pittsburg.  Sandstone 
fills  the  interval  below  the  limestone.  Three  miles  farther  southwest 
the  Fishpot  is  seen,  5  feet  thick,  and  the  Lower  Sewickley  horizon  is 
marked  by  2  feet  of  black  shale  separated  by  35  feet  of  Sewickley  sand- 
stone from  the  Benwood  limestone,  of  which  50  feet  were  seen.  The 
Bedstone  limestone  has  increased  to  3  feet.  The  Waynesburg  coal  bed 
is  50  to  55  feet  above  the  Uniontown,  which  is  almost  in  contact  with 
its  yellow  limestone,  15  feet  thick.  Nine  miles  west,  in  Peters  township, 
the  Waynesburg  is  175  feet  above  the  Redstone,  or  barely  225  feet  above 
the  Pittsburg.  The  Uniontown  coal  bed  is  persistent  in  this  region  and 
seems  to  be  about  3  feet  thick,  though  not  often  yielding  good  coal. 
The  Redstone  coal  bed  is  from  3  to  4  feet  thick  and  sometimes  has  a 
limestone  roof  and  floor.  Southwardly  the  section  shows  comparatively 
little  change,  except  in  increasing  intervals  and  in  the  appearance  of  the 
Waynesburg  limestone.  The  Little  Waynesburg  coal  bed  is  apparently 
wanting  and  the  Sewickley  horizons  show  coal  only  occasionally.  Com- 
bining measurements  by  Doctor  White  one  has: 

*J.  J.  Sterenson:  (K)»  p.  303;   (K  2),  pp.  375,  385,  388,  390. 
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Feet     Feet 

1.  Waynesbnrg  coal   bed 5  to    8 

2.  Interval    30 

3.  Waynesbnrg  limestone Thin 

4.  Interval    66 

5.  Unlontown  coal  bed 3 

6.  Unlontown  limestone  8  to  12 

7.  Shale  and  sandstone 28 

8.  Benwood  limestone  80 

9.  Shale  6 

10.  Upper  Sewlckley  coal  bed 2to    3 

11.  Sewlckley  sandstone 35  to  40 

12.  Flshpot  limestone   26  to  30 

13.  Shale    25 

14.  Redstone  coal  bed 2 

15.  Pittsburg  sandstone   .*. 40 

16.  Pittsburg  coal  bed   7to    8 

and  near  the  Qreene  County  border  the  Waynesburg  is  362  feet  above 
the  Pittsburg. 

In  Morgan  and  Jefferson  townships  of  Qreene  county  the  Waynesburg 
is  triple  to  quadruple,  varying  in  thickness  from  6  to  12  feet,  with  from 
4  to  7  feet  of  rather  inferior  coal,  and  is  nearly  40  feet  above  its  lime- 
stone, 6  to  8  feet  thick.  The  Uniontown  coal  bed  becomes  irregular 
and  is  almost  directly  in  contact  with  its  limestone.  About  40  feet  of 
sandstone  separate  the  latter  from  the  Benwood,  which,  including  much 
calcareous  shale,  is  about  80  feet  thick.  The  Sewickley  sandstone  and 
Fishpot  limestone  retain  their  importance,  but  the  Redstone  coal  and 
limestone  become  indefinite.  Farther  southwest  the  Monongahela 
quickly  passes  imder  cover  and  the  information  from  oil  records  is  very 
imperfect.  A  record  near  the  West  Virginia  line  reported  by  Doctor 
White  gives  345  feet  as  the  interval  between  Waynesburg  and  Pittsburg, 
with  a  trace  of  the  Upper  Sewickley  at  95  feet  above  the  latter  bed.* 

The  Western  basins  in  Pennsylvania. — Petty  areas  of  the  Pittsburg 
coal  bed,  widely  separated,  remain  in  Allegheny  county  north  from  the 
Ohio  river.  The  cover  rarely  exceeds  30  feet  and  is  the  massive  Pitts- 
burg sandstone.  Even  near  Butler  County  line  the  bed  retains  its  char- 
acteristic structure,  showing: 

Feet  Inches  Feet  Inches 

Coal  and  sbale 3        3      to      6      6 

Clay    1        2      to      1      4 

Main  coal  4      10      to      5      5 

•J.  J.  Steyenaon:  (K),  pp.  136,  140,  141,  143,  210,  211,  212,  221,  222,  223,  224, 
226,  227,  228,  303. 

I.  C.  White:  (K),  pp.  180,  201,  203,  216.    Geology  of  West  Virginia,  vol.  lo,  p.  122. 
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An  imperfect  Bection  south  from  the  Ohio,  about  one  mile  from  Pitts- 
burg, notes  a  coal  blossom  at  70  feet  above  the  Pittsburg  coal  bed  and 
underlying  one  foot  of  ferruginous  limestone.  Sandstone  and  shale  fill 
the  well  exposed  interval  to  the  Pittsburg,  and  there  is  no  other  lime- 
stone in  140  feet  above  the  thin  coal  blossom.  At  about  8  miles  south 
from  Pittsburg  and  very  near  the  line  of  Washington  county,  a  sec- 
tion is: 

Feet  Inches 

1.  Limestone  [Unlontown]  2  6 

2.  Shale,  sandstone,  concealed 49  0 

3.  Benwood  limestone  40  0 

4.  Clay 1  0 

5.  Black  shale  [Upper  Sewlckley  coal  bed] . .  1  6 

6.  Shale,  sandstone  [Sewlckley] 30  0 

7.  Black  shale  [Lower  Sewlckley  coal  bed] . .  1  0 

S.  Limestone,  shale   [Fishpot] 21  0 

9.  Shale  50  0 

10.  Pittsburg  coal  bed.* 11        8 

At  a  mile  north  from  this  locality  only  sandstone  and  shale  appear 
in  93  feet  above  the  Pittsburg  coal,  so  that  the  Benwood  and  Fishpot 
limestones  enter  the  section  abruptly.  The  thin  limestone  seen  near 
Pittsburg  at  70  feet  above  the  Pittsburg  evidently  represents  the  Ben- 
wood, and  its  underlying  coal  is  at  the  Upper  Sewicldey  horizon.  The 
highest  limestone  in  this  southern  section,  193  feet  above  the  Pittsburg, 
ifi  probably  the  Uniontown  and  is  very  near  the  place  of  the  Waynesburg 
coal  bed.  Ten  miles  northwest  the  Pittsburg  coal  bed  is  only  6  feet  3 
inches  in  all  and  the  Benwood  limestone  at  100  feet  higher  is  26  feet 
thick.  The  Fishpot  at  60  and  the  Bedstone  at  30  feet  above  the  Pitts- 
burg are  clearly  present. 

Crossing  over  into  the  northwest  comer  of  Washington  county,  one 
finds  a  little  area  in  which  the  Pittsburg  coal  bed  is  quite  thin,  4  feet 
to  5  feet  2  inches,  with  nodular  limestones  representing  the  Redstone 
and  Fishpot  at  20  and  40  feet  above  it.  The  limestones  are  irregular 
Borth  from  the  Pennsylvania  railroad  as  well  as  in  the  nopihwest  comer 
of  the  county.  Limestones  were  seen  on  that  railroad  just  west  from 
the  All^heny  line  at  35  to  48,  60  to  73,  and  130  to  143  feet  above  the 
Pittsburg,  but  they  are  irregular.  At  a  mile  south  from  the  railroad  the 
limestones  appear  abruptly,  the  thick  Benwood  is  at  65  feet  above  the 
Pittsburg  and  20  feet  above  the  Lower  Sewlckley  coal  bed,  while  the 
Fishpot  is  15  feet  thick  and  20  feet  above  the  Pittsburg  coal. 

The  section  varies  much  in  northern  Washington  and  it  must  be  fol- 
lowed in  detail  from  the  West  Virginia  line  eastward  across  Jefferson, 

YI — ^Bdle*.  Gbol.  Soc.  Am.,  Vol.  18,  1006 
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Cross  Creeky  Mount  Pleasant^  Cecily  and  Allen  townships^  a  distance  of 
about  25  miles. 
At  Eldersville^  in  the  northern  part  of  Jefferson,  the  measurement  is : 

Feet 

1.  Washington  coal  bed 5 

2.  Interval    85 

8.  Limestone   1 

4.  Ck>ncealed  ' 100 

5.  Sandstone 30 

6.  Pittsburg  coal  bed « 5 

The  Washington  coal  bed,  the  great  bed  of  the  Dunkard  formation, 
is  216  feet  above  the  Pittsburg,  and  at  2  miles  away  it  is  50  feet  above 
the  Wajmesburg,  making  the  interval  from  the  latter  bed  to  the  Pitts- 
burg only  166  feet.  Three  miles  farther  east,  in  western  Smith  town- 
ship, the  Uniontown  limestone,  bright  yellow  and  thin,  is  15  feet  below 
the  Waynesburg  coal  bed,  but  near  Eldersville  the  coal  and  limestone 
are  almost  in  contact.  The  Benwood.is  thin  and  in  two  layers,  together 
not  more  than  10  feet.  The  Pittsburg  coal,  as  in  the  more  northerly 
townships,  occasionally  becomes  block  or  even  cannel.  In  northern 
Cross  Creek,  the  Monongahela  is  buried  under  Dunkard,  but  in  the 
southern  part  of  that  township  the  intervals  are  greater,  for  the  Waynes- 
burg is  90  feet  below  the  Washington  and  200  feet  above  the  Pittsburg, 
the  increase  in  the  latter  interval  being  in  the  upper  part  of  the  section, 
as  the  Waynesburg  is  now  50  feet  above  the  Uniontown  limestone,  on 
which  rests  the  Uniontown  coal  bed.  No  trace  of  the  Waynesburg  lime- 
stone is  here.  In  the  extreme  southern  part  of  the  township  the  interval 
is  55  feet  and  the  yellow  Uniontown  limestone  is  8  feet  thick. 

An  exposure  in  northwest  Mount  Pleasant  shows  the  Waynesburg 
coal  bed  3  feet  thick  and  20  feet  above  the  Uniontown  coal  bed,  which 
is  separated  by  2  feet  of  clay  from  its  bright  yellow  limestone,  6  feet 
thick.  At  a  little  way  farther  north,  in  western  Smith,  the  interval 
between  the  Waynesburg  coal  and  the  Uniontown  limestone  is  but  15 
feet.  At  Hickory,  in  Mount  Pleasant,  Doctor  White  made  a  direct 
measurement,  giving  the  interval  between  Waynesburg  and  Pittsburg  as 
235  feet,  showing  that  this  interval  increases  southeastwardly  as  well  as 
southwardly.  In  northern  Cecil  the  Waynesburg  is  210  feet  above  the 
Pittsburg  only  about  3  miles  from  the  locality  where  the  Uniontown 
limestone  is  193  feet.  There  is  no  Waynesburg  limestone  anywhere 
along  this  line  until  one  reaches  the  western  part  of  Peters  township, 
near  the  Monongahela  river,  where  it  is  12  feet  below  the  coal  bed. 
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In  the  next  tier  of  townships  southward  exposures  are  very  poor,  as 
the  soft  calcareous  rocks,  there  predominating,  have  yielded  readily  and 
the  shaft  records  near  Washington,  10  miles  south  from  the  Cecil  line, 
are  the  only  trustworthy  sections.  Near  the  Cecil  line  the  Waynesburg 
is  230  feet  above  the  Pittsburg,  but  at  Washington  a  record  shows  that 
the  interval  has  increased  to  374  feet.  There  the  Waynesburg  is  but 
8  inches  thick,  and  all  of  the  other  coal  beds  are  wanting  to  the  Pitts- 
burg. A  shaft  north  from  Washington  has  3  feet  of  coal  at  21  feet 
above  the  Pittsburg  and  the  TJniontown  is  present  at  45  feet  below  the 
Waynesburg.  The  limestones  are  of  noteworthy  thickness.  Near  Wash- 
ington the  Fishpot  is  at  70  feet  above  the  Pittsburg,  and  the  Benwood 
is  apparently  continuous  with  the  TJniontown  and  Waynesburg  in  one 
shalt,  where  170  feet  of  limestone  and  shale  are  reported,  beginning  at 
11  feet  below  the  Waynesburg  coal  bed.  The  imperfect  surface  ex- 
posures show  that  the  record  is  probably  not  incorrect.  About  midway 
in  this  mass  salt  water  was  found  in  a  white  limestone. 

Westward  the  Monongahela  is  under  deep  cover  for  several  miles 
until  in  Hopewell  and  Donegal  townships  one  reaches  the  deep  valleys 
of  Brush  run  and  Buffalo  creek.  There  the  Waynesburg  is  exposed, 
always  very  poor  and,  including  the  clay  partings,  varying  from  2  feet 
6  inches  to  almost  7  feet.  The  Waynesburg  limestone  makes  its  appear- 
ance on  Brush  run,  where  it  is  nodular  and  25  feet  below  the  coal; 
but  farther  south  on  Buffalo  creek  it  is  a  solid  bed  3  feet  thick,  with  the 
Little  Waynesburg  at  13  feet  above  it.  On  these  streams  the  Union- 
town  coal  bed  is  40  to  65  feet  below  the  Waynesburg  and  practically 
reste  on  the  right  yellow  TJniontown  limestone,  which  is  12  feet  thick 
at  one  place.  In  Independence  township,  north  from  Donegal  along  the 
West  Virginia  line.  Cross  creek  cuts  down  to  the  Pittsburg  coal  bed. 
On  that  stream  the  XJniontown  limestone  is  96  feet  below  the  Washington 
coal  bed,  45  feet  more  than  at  Eldersville,  5  miles  north.  It  is  6  feet 
thick  and  15  feet  above  the  Benwood  limestone,  of  which  50  feet  were 
seen.  The  Waynesburg  and  TJniontown  coal  beds  are  very  thin,  but 
the  Pittsburg  has  increased  southward  in  the  interval  from  Eldersville, 
so  that  it  is  8  feet. 

Southward  in  Washington  and  Greene  counties  the  Monongahela  be- 
comes buried  more  and  more  deeply  under  the  Dunkard.  Little  infor- 
mation, can  be  gleaned  from  well  records,  for  they  are  mostly  incomplete. 
Those  which  are  available  show  that  in  Greene  county  the  Waynesburg, 
one  Sewickley,  and  the  Pittsburg  are  the  persistent  coal  beds.  Two 
records  in  northern  Greene  give  the  interval  from  Waynesburg  to  Pitts- 
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biu'g  as  302  to  306  feet;  another^  father  east,  shows  348,  while  along 
the  West  Virginia  border  the  interval  varies  from  348  to  362  feet.* 

THE  NORTHBRy  PAVHANDLB  OF  WEST  VIRGINIA 

Passing  over  into  that  portion  of  West  Virginia  which  lies  between 
the  Pennsylvania  line  and  the  Ohio  river,  one  finds  the  Pittsburg  coal 
bed  mined  at  Lazearsville  on  the  Ohio  river,  in  Brooke  county,  about 
20  miles  north  from  Wheeling  and  5  miles  south  from  SteubenviUe, 
Ohio,  but  it  certainly  extends  in  patches  for  several  miles  farther  north. 
The  full  section  must  be  present  on  Buffalo  creek  in  this  county,  since 
at  the  Pennsylvania  line  the  Pittsburg  coal  bed  is  below  the  bed  of 
the  stream.  Farther  south  along  the  Ohio  some  sections  are  available 
in  the  vicinity  of  Wheeling.  Two  of  them,  one  at  Wheeling  and  the 
other  between  3  and  6  miles  east  from  that  city,  give : 

Feet    Inches         Feet       Inches 

1.  Sandstone   

2.  Limestone 

3.  Shale    

4.  Waynesburg  coal  bed 

5.  Clay,  sandy  shale 

a  Uniontown  coal  bed 0        10  0  0 

7.  Shale,  thin  limestone  on  top. .     33         0  41         0 

8.  Alternating  limestone  and  shale  115         0  103         0 

9.  CJoal  bed 1         2  "i 

10.  Fireclay,  thin  sandstone 6  4   1  8  0 

11.  Goal  and  shale 1  0  ) 

12.  Clay  and  sandstone 14  0  17  0 

13.  Coal  and  shale 1  8  8  6 

14.  Limestone  and  shale 24  0  ^ 

15.  Coal  and  shale 1  oC  66  0 

16.  Limestone  and  shale 20  0  J 

17.  Shale  6  0  6  0 

18.  Pittsburg  coal  bed 7  11  6  8 

The  Waynesburg  is  identified  clearly,  the  overlying  limestone  char- 
acterizes the  Cassville  shales  of  the  Dimkard  in  much  of  western  Wash- 
ington county,  and  the  Uniontown  limestone  is  present,  though  thin, 
while  higher  in  the  hill  appear  the  coals  of  the  Dunkard  in  proper  suc- 
cession. Doctor  White  finds  this  bed  at  Wheeling  2  feet  thick  and 
266  feet  above  the  Pittsburg;  the  interval  at  5  miles  east  is  266  feet. 
The  Uniontown  coal  bed  is  not  shown  in  the  second  section,  but   it 

•J.  J.  Stevenson:  (K),  pp.  227.  228.  230,  231,  238,  248,  249,  258,  260,  260,  270,  274, 
275.  277,  280,  287,  289,  292,  308,  317,  322. 

I.  C.  White:  (K),  p.  268;  (Q),  p.  23.    Geology  of  West  Virginia,  la,  pp.  121,  122, 
126,  127.  128,  130,  132,  281,  282,  283,  284,  285,  293,  294. 
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was  Been  at  Wheeling.  Number  8  is  the  Benwood  limestone  and  is  made 
up  of  alternating  layers  of  shale  and  limestone  3  to  6  feet  thick.  The 
Sewickley  horizon  includes  Numbers  9  to  14.  In  these  sections  the 
yertical  thickness  is  about  24  feet,  but  Doctor  White  found  the  three 
Wheeling  beds  in  a  vertical  space  of  43  feet  at  another  locality  within 
the  limits  of  that  city.  The  bottom  bed  is  the  Lower  Sewickley  and  rests 
on  limestone  which  may  be  taken  as  the  Fishpot;  the  upper  two  at 
Wlieeling  are  equivalent  to  the  single  bed  of  the  second  section  and  to 
the  Upper  Sewickley  of  Pennsylvania,  the  Meigs  Creek  of  Ohio.  The 
section  remains  above  the  river  to  a  mile  below  Benwood  or  five  miles 
below  Wheeling.  At  12  miles  below  Wheeling,  near  Moundsville,  Doctor 
White  obtained  measurements  showing  the  Waynesburg  coal  bed  3  feet 
thick  and  265  feet  above  the  Pittsburg.  The  Uniontown  limestone  is 
2  feet  and  separated  by  sandstone  from  the  great  Benwood  limestone. 
At  25  feet  below  the  last  is  a  thin  coal  bed,  44  feet  above  the  Pittsburg, 
which  is  at  the  place  of  the  Lower  Sewickley.  The  place  of  the  Union- 
town  coal  bed  is  concealed.  At  about  12  miles  south  from  Moundsville 
Mr  J.  E,  Barnes  made  borings  with  diamond  drill  which  show  a  notable 
increase  in  thickness,  especially  in  the  upper  part  of  the  section. 


Feet  In.         Feet  In.       Feet  In.    Feet  In 

Waynesburg  coal  bed 2  0 

Interval ^  r    77  0  , 

Uniontown  coalbed C  207  0     J     0  9  ■  ,[ 

Interval   )  (146  3 

Sewickl^  coal  bed 30  243636 

Interval  ^  r  59  10  ")  r    1  2 

Redstone  coal  bed C    87  11      Jl  1183  OJOO  0 

Interval  )  (23  O)  (27  1 

Pittsburg  coal  bed 5  6            5  11          7  9        5  7 


Total    297        11        310  3        83  88        3 

In  the  second  section  the  interval  from  Waynesburg  to  Uniontown 
is  an  estimate,  as  the  core  begins  below  the  upper  bed.  The  Waynes- 
burg is  about  300  feet  above  the  Pittsburg,  but  the  interval  from  the 
Uniontown  to  the  Pittsburg  is  almost  the  same  as  at  Wheeling;  the 
relations  of  the  Upper  Sewickley  show  equally  small  change.  The  lime- 
stone is  still  in  notable  quantity  throughout  the  section.  A  new  feature 
appears  in  the  presence  of  red  shale,  unknown  in  the  Monongahela  of 
Pennsylvania  and  farther  north  in  West  Virginia.  One  of  these  borings 
shows  four  layers,  in  all  8  feet  thick,  between  Waynesburg  and  Sewick- 
ley, the  lowest  at  60  feet  above  the  latter  coal  bed;  another  shows  six 
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layers,  in  all  18  feet  6  inches  thick,  the  lowest  at  70  feet,  while  a  third 
shows  6  feet  in  118  feet  above  the  Upper  Sewickley,  the  lowest  being 
at  74  feet  above  that  bed.* 

OHIO 

Passing  over  into  Ohio,  one  finds  the  most  northerly  exposure  at 
Knoxville,  in  Jefferson  county,  about  15  miles  north  from  Steubenville, 
where  Henry  Newton  obtained  this  section: 

Feet    Inches 

1.  Olive  and  red  shale,  with  thin  bands  of 

bnff  limestone  76       0 

2.  Coal  bed  [Waynesburg] 1        6 

8.  Olive  shale 106        0 

4.  Coal  bed  [Sewickley  (?)] 2        6 

5.  Olive  shale 30        0 

e.  Pittsburg  coal  bed 4        0 

This  is  farther  north  than  any  locality  in  Pennsylvania  giving  meas- 
urements above  the  Pittsburg.  Twelve  miles  southeast,  at  Eldersville, 
in  Washington  county  of  Pennsylvania,  the  interval,  Waynesburg  to 
Pittsburg,  is  166  feet.  Here  the  upper  coal  is  140  feet  and  is  most 
probably  the  Waynesburg,  with  red  shale  of  the  Dunkard  above  it.  All 
trace  of  limestone  has  disappeared  and  the  lower  coal  bed  is  at  a  Sewick- 
ley horizon. 

At  8  miles  farther  south,  Stevenson  found  a  thin  coal  bed  at  65  feet 
above  the  Pittsburg  underlying  50  feet  of  shale  and  flaggy  sandstone, 
no  trace  of  coal  appearing.  At  a  little  way  west  both  Professor  New- 
berry and  Professor  Brown  note  a  coal  bed  29  to  34  feet  above  the 
Pittsburg  with  limestone  above  the  lower  bed  and  at  one  locality  above 
the  upper.  The  limestone  and  coal  disappear  farther  west,  near  tiie  edge 
of  Harrison  county,  where  the  Waynesburg  coal  bed  is  100  feet  above 
the  Upper  Sewickley,  which  is  69  feet  above  the  Pittsburg.  Some  thin 
limestone  appears  above  the  Upper  Sewickley,  but  none  below.  The 
interval  between  Sewickley  and  Pittsburg  increases  within  3  miles  south- 
ward to  81  feet,  and  in  the  lower  21  feet  of  that  interval  are  two  thin 
limestones  and  two  thin  coal  beds.  In  the  southern  part  of  the  county, 
near  the  Belmont  border,  the  interval,  Waynesburg  to  Upper  Sewickley, 
increases  to  160  feet  and  the  Benwood  limestone  attains  a  thickness 
of  60  feet.  The  Upper  Sewickley  is  4  feet  thick,  with  a  thin  coal  bed 
35  feet  below  it,  just  midway  to  the  Pittsburg.     This  lower  interval 

*  I.  C.  White :  Catalogue  of  West  Virginia  University,  1888-1884,  pp.  56,  SO.    Geology 
of  West  Virginia,  vol.  ii,  pp.  181,  182,  188,  184,  185. 
J.  J.  Stevenson:  Manuscript  notes. 
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has  50  feet  of  limestone.  The  interval  from  Waynesburg  to  Pittsburg 
along  the  western  border  of  Jefferson  county  is  14:0,  171,  182,  209,  and 
235  feet,  and  at  4  miles  east  from  the  last  is  245  feet,  10  miles  north  from 
Wheeling,  where  it  is  approximately  260  feet.  The  Waynesburg  is 
Number  11  and  the  Upper  Sewickley  is  Number  10  of  Stevenson's 
Jefferson  County  report. 

Professor  Brown  finds  the  Upper  Sewickley  (Meigs  Creek)  at  92 
feet  above  the  Pittsburg,  on  the  Harrison  county  line.  In  Harrison, 
west  from  Jefferson,  the  generalized  section  shows : 

Ftet   Indiw 

1.  Waynesburg  (11)  coal  bed 2        0 

2.  Mostly  sandstone 91  0 

3.  [Upper  Sewickley]  (10)  coal  bed....  11  0 

4.  Sandstone   60  to  75  0 

5.  Goal  bed  [Redstone  (?)] 2  6 

a  Mostly  limestone  16  to  30  0 

7.  Pittsburg  coal  bed 7  to    8  0 

Here,  as  in  Jefferson  county,  a  coal  bed  (12)  is  at  50  feet  above  the 
Waynesburg.  The  Upper  Sewickley,  insignificant  in  most  of  Jeffer- 
son county,  is  an  important  bed,  triple,  the  middle  bench  4  feet  6  inches 
and  the  others  1  foot  2  inches.  It  averages  about  90  feet  above  the  Pitts- 
burg, though  at  times  decrease  in  the  ^ower  interval  makes  it  less.  The 
limestone  above  the  Pittsburg  is  replaced  by  sandstone  along  the  western 
outcrop.  There  are  mere  traces  of  the  Benwood  limestone,  but  at  times 
a  thin  limestone  appears  below  the  Waynesburg  coal  bed  which  may 
represent  the  XJniontown.  The  Pittsburg  coal  bed  in  the  main  division 
varies  from  4  to  almost  6  feet  and  the  coal  is  much  more  variable  in 
quality.  At  some  localities  it  is  excellent,  while  at  others  it  is  decidedly 
inferior.  The  roof  division  is  of  uncertain  occurrence,  being  absent 
from  considerable  areas.  It  is  usually  thin,  little  more  than  one  foot, 
but  it  was  measured  4  feet  at  one  pit,  where  the  whole  thickness  was 
not  exposed.* 

Returning  to  the  Ohio  river,  one  enters  Belmont  county,  south  from 
Jefferson  and  Harrison.  At  Bridgeport,  opposite  Wheeling,  Stevenson 
found  the  Waynesburg  (11)  coal  bed  245  feet  above  the  Pittsburg  by 
barometer,  3  feet  6  inches  thick,  2  feet  above  a  limestone  and  188  feet 
above  a  thin  coal  bed,  apparently  the  Lower  Sewickley  of  the  Wheeling 
section.     Professor  Brown  saw  the  Bedstone  near  by  at  20  to  23  feet 

*  Jeffenon  county.    J,  S.  Newberry :  Ohio  Geology,  yol.  ill,  pp.  758,  768.    J.  J.  StcTen- 
•on :  Vol.  Hi,  pp.  767,  773,  777,     C.  N,  Brown :  Vol.  vl,  p.  601. 
Harrison  ooonty.     J.  J.  Steyenson :  Vol.  Ill,  pp.  202,  216,  217. 
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Above  the  Pittsburg,  and  the  Upper  Sewickley   (8c  of  the  Belmont 
report)  is  3  feet  thick  at  a  little  way  back  from  the  river. 

Pour  miles  south  from  Bridgeport,  at  Bellair,  is  Professor  Brown's 
carefully  leveled  section: 

Feet    Inches 

1.  Coal  bed   Blossom 

2.  Interval    53        0 

3.  Ck)al  bed   [Waynesburg] 2        0 

4.  Shale  and  sandstone 18        0 

5.  Coal  bed   [Little  Waynesburg] Blossom 

6.  Lim^estone  [Waynesburg]    3        0 

7.  Concealed 5        0 

8.  Coal  bed Blossom 

9.  Concealed 14        0 

10.  Coal  bed   Blossom' 

11.  Shale,  sandstone,  concealed 103  0 

12.  Calcareous  shale,  limestone 24  6 

13.  Meigs  creek  [Upper  Sewickl^]  coal  bed 4  0 

14.  Sandy  shale  14  0 

15.  Coal  bed 0  8 

16.  Clay  shale  6  0 

17.  Coal  bed  and  shale  [Lower  Sewickley] 3  0 

18.  Limestone,  shale,  concealed .38  0 

19.  Coal  bed  [Redstone  (?)] 2  0 

20.  Interval    17  0 

21.  Pittsburg  coal  bed 7  0 

The  Sewickley  coals  are  in  a  vertical  space  of  28  feet  and  the  top 
of  the  Upper  Sewickley  is  84  feet  above  the  Pittsburg ;  at  Wheeling  this 
interval  varies  from  80  to  97  feet.  The  Waynesburg  is  167  feet  higher, 
and  the  blossom,  Number  10,  is  at  the  place  of  the  Uniontown  coal  bed. 

The  variations  in  the  section  between  the  Ohio  river  and  the  western 
outcrop  have  proved  very  perplexing  and  the  sections  have  been  inter- 
preted differently  by  different  observers.  One  must  depend  upon  the 
measurements  made  by  Professor  Andrews,  those  by  Stevenson  being 
without  value  in  certain  portions  of  the  county,  where  he  clearly  lost 
hold  of  the  section.  At  Bamesville,  22  miles  west  from  the  Ohio  river. 
Professor  Andrews  obtained  a  long  section,  which,  condensed  is : 

Feet  Inches 

1.  Shale  8        0 

2.  Coal  bed   Blossom 

3.  Clay    4        0 

4.  White  limestone 1       0 

5.  Sandstone,  clay,  slate,  concealed 38       0 

6.  Coal  bed,  Tunnel  seam 2       0 
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Feet    Inchee 

7.  Shale,  sandstone   24        6 

8.  Goal,  slate,  black  slate,  coal 6        9 

9.  Clay,  limestone,  shale 71        3 

10.  Cumberland    [Meigs   creek.    Upper    Sewlckley] 

'  coal  bed  6        7 

11.  Clay    3        0 

12.  Sandstone   35        0 

13.  Limestone,  concealed   9        0 

14.  Coal  bed Blossom 

15.  Clay,  limestone    19        0 

16.  Coal  bed Blossom 

17.  Clay,  sandstone,  shale 30        0 

18.  Pomeroy  [Pittsburg]  coal  bed 4        4 

Eastwardly  from  Bamesyille  the  surface  rises  rapidly  and  the  beds 
fall  so  that  the  highest  portion  of  the  section  alone  can  be  followed 
for  10  miles.  A  deep  cut  on  the  railroad  summit  several  miles  east 
from  Bamesyille  shows  the  highest  bed  2  feet  thick  and^  near  by^  the 
Tunnel  seam  is  represented  by  2  feet  of  black  shale  containing  some 
coal.  It  imderlies  yellow  shale  as  at  Bamesyille  and  a  thin  coal  below 
answers  to  Number  8  of  the  section.  Near  Belmont,  7  miles  from 
Bamesyille^  the  three  coal  beds  are  recognized,  the  interyals  being  ap- 
proximately 40  and  30  feet,  and  just  beyond  Belmont  the  lowest  coal, 
bed  is  27  feet  aboye  a  limestone.  At  3  miles  south  from  this  locality 
a  coal  bed  is  at  100  feet  aboye  the  Xtmnel  seam  and  another  at  40  feet 
below.  The  section  remains  perfectly  clear  along  the  railroad  to  Lewis 
mills,  in  Smith  township,  where  the  succession  is: 

Feet  Inches 

1.  Black  shale  10        0 

2.  Interval   33        0 

3.  Coal  bed Blossom 

4.  Interval   53        0 

5.  Tunnel  coal  bed 4        6 

a  Interval    37        0 

7.  Coal  and  partings ' 2        7 

a  Interval    23        0 

9.  Limestone 4        0 

The  group  is  followed  to  this  place  from  Belmont  easily,  as  the  road 
&Ils  somewhat  more  rapidly  than  the  beds ;  but  there  is  a  notable  increase 
in  the  intervals.  At  Bamesyille,  from  the  bottom  of  the  highest  coal 
bed  to  that  of  the  lowest,  the  interval  is  76,  but  here  it  is  97  feet.  These 
beds  are  present  at  7  or  8  miles  south  from  Lewis  mills,  where  they 
are  5,  2,  and  3  feet  thick  respectiyely  and  the  intervals  are  46  and  42, 
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the  full  interval  being  93  feet  Eastward  from  Lewis  mills,  on  the 
railroad,  one  descends  rapidly  in  the  section,  and  at  Wamock  a  coal 
bed  underlying  26  feet  of  sandstone  is  at  96  feet  above  the  Upper 
Sewickley. 

At  Lewis  mills  the  lowest  coal  bed  underlies  23  feet  of  ^'sandrock 
with  more  or  less  of  sandy  shale/'  Three  miles  east  from  Wamock, 
Professor  Andrews  reports  a  coal  bed  at  174  feet  above  the  Upper 
Sewickley,  which  would  be  very  near  the  place  of  the  highest  coal  bed 
at  Lewis  mills,  if  there  be  no  change  in  the  section.  No  measurement 
is  available  along  the  railroad,  but  there  is  one  reported  by  Professor 
Andrews  in  Washington  township,  8  miles  south  from  Qlencoe  and  about 
3  miles  east  from  one  already  given  from  the  same  township ;  this  shows : 

Feet         Inches 

1.  Tunnel   seam    Not  measured 

2.  Interval    47  G 

3.  Ck>al  and  shale 3  0 

4.  Interval    122  0 

5.  Cumberland  [Upper  Sewickley]  coal  bed. .        3  5 

giving  172  feet  as  the  interval  from  the  Tunnel  seam  to  the  Upper 
Sewickley;  so  that  the  high  bed  at  Qlencoe  is  the  Tunnel  seanu 

Passing  Glencoe,  one  has  the  lower  portion  of  the  formation  exposed 
repeatedly  to  Bellair,  where  the  measurements  by  Professor  Brown 
make  the  interval  from  Waynesburg  to  Upper  Sewickley  165  feet.  The 
correlations  for  the  higher  beds  at  Bellair,  Lewis  mills,  and  Bamesville, 
with  the  intervals,  are: 

Feet    Feet    Teet 
Waynesburg  A 

Interval  53      63       43 

Waynesburg  (Tunnel)   

Interval    40      89       81 

Unlontown  

The  interval  below  the  Waynesburg  is  to  the  bottom  of  the  Uniontown 
coal  bed.  The  Waynesburg  A  belongs  to  the  Dunkard  formation.  At 
Bellair  the  Uniontown  is  127  feet  above  the  Upper  Sewickley — ^at  Qlen- 
coe, 96,  and  at  Bamesville  71  feet.  Between  Glencoe  and  the  river  the 
interval  between  the  Upper  Sewickley  and  the  Pittsburg  varies  in  Pro- 
fessor Andrew^s  sections  from  72  to  79  feet,  while  at  Bamesville  it  is 
96  feet,  the  increase  being  due  to  the  appearance  of  a  thick  sandstone 
almost  directly  under  the  upper  coal  bed.  The  Lower  Sewickley  and 
the  Bedstone  are  still  recognizable  at  Bamesville,  but  they  are  very 
thin.     The  interval  from  the  Pittsburg  to  the  Waynesburg  (Tunnel) 
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coal  decreases  from  263  feet  at  Bellair  to  202  feet  at  Bamesville,  where 
the  higher  bed  is  103  feet  above  the  Upper  Sewickley. 

Stevenson^s  measurements  in  northern  Behnont,  beyond  the  central 
part  of  the  county,  are  confirmatory  of  these  conclusions.    His  section  is : 

Feet  Inches 

1.  Goal  bed  [Waynesburg  A] 2        0 

2.  Sandstone   40  0 

3.  Coal  bed  [Waynesburg] 1  8 

4.  Sandstones  and  thin  limestones 95  0 

5.  Goal  bed  [Upper  Sewickley] 4  6 

6.  Concealed 30  0 

7.  Goal  bed   [Lower  Sewickley] 2  6 

8.  Fireclay    0  3 

9.  Mostly  limestone  65  0 

10.  Shale  and  clay 3        0 

11.  Pittsburg  coal  bed  seen 2       0 

But  this  is  very  near  the  western  limit  of  the  Fishpot-Redstone  lime- 
stone^ for  at  a  short  distance  toward  the  west  a  measurement  shows  the 
interval  between  Upper  Sewickley  and  Pittsburg,  105  feet,  filled  almost 
wholly  with  sandstone,  there  being  no  trace  of  limestone.  The  Benwood 
limestone  practically  disappears  within  11  miles  west  from  the  river, 
there  being  thence  only  a  few  irregular  streaks  and  those  quite  argil- 
laceous. The  Upper  Sewickley  is  usually  triple,  as  in  Harrison  county, 
with  a  thick  middle  bench;  sometimes,  however,  the  other  benches  are 
wanting;  the  thickness  varies  from  4  feet  6  inches  to  nearly  9  feet.  The 
Pittsburg  bed  becomes  thinner  toward  the  west,  and  on  that  outcrop 
does  not  always  show  the  roof  division. 

In  Guernsey  county,  west  from  Belmont,  the  limestones  have  practi- 
cally disappeared,  there  being  only  6  feet  in  140  feet  above  the  Pitts- 
burg coal  bed.  The  Upper  Sewickley  is  single,  undierlies  30  feet  of  sand- 
stone, and  is  from  100  to  112  feet  above  the  Pittsburg.  In  the  extreme 
southwest  comer  of  the  county,  Professor  Andrews's  sections  show  no 
trace  of  either  Uniontown  or  Waynesburg  in  113  feet  above  the  Upper 
Sewickley,  which  is  97  feet  above  the  Pittsburg.  These  sections  show 
red  shale  25  and  19  feet  at  30  and  82  feet  above  the  Upper  Sewickley. 
Followed  westward,  the  Pittsburg  is  seen  growing  thinner  and  yielding 
poorer  coal.* 

The  Pittsburg  coal  bed  is  present  in  southeastern  Muskingum,  on 
the  Guernsey-Noble  border,  but  is  very  irregular,  2  feet  5  inches  to 

*  Belmont     B.  B.  Andrews :  Vol.  11,  pp.  547,  555,  556,  557,  563,  664,  569.     J.  J. 
Sterenson :  Vol.  Ill,  pp.  274,  2S0,  281.    C.  N.  Brown :  Vol.  ▼!,  pp.  618,  610 
Onemaej.     Andrews:  Vol.  11,  pp.  536,  537.     Stevenson:  Vol.  Ill,  225. 
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somewhat  more  than  5  feet  thick.  It  underlies  27  feet  of  massive  sand- 
stone. The  Upper  Sewickley  coal  bed  in  the  same  area  is  triple,  about 
6  feet  thick  and  113  feet  below  the  Waynesburg,  which  is  coal  and 
black  shale  22  inches  thick  and  imderlies  a  coarse  white  sandstone. 
Professor  Brown  found  the  interval  to  the  Uniontown  128  feet  in  one 
place,  where  the  Upper  Sewickley  is  less  than  90  feet  above  the  insig- 
nificant Pittsburg. 

In  Morgan  county,  south  from  Muskingum,  the  Pittsburg  shows  a 
ragged  boundary.  Along  the  western  border  it  is  wanting  at  the  north, 
then  reappears  2  feet  thick  and  increases  southwestwardly  until,  in  the 
southwest  township,  it  becomes  9  feet;  but  it  disappears  abruptly,  so 
that  in  a  well  no  trace  of  it  was  found  and  two  beds  of  red  shale  12 
and  24  feet  thick  were  found  at  160  and  281  feet  above  the  Ames  lime- 
stone. The  lower  bed  is  at  the  place  of  the  Pittsburg  and  underlies 
the  Pittsburg  sandstone,  while  the  higher  bed  is  at  the  place  of  that 
seen  on  the  Guernsey-Noble  border  at  30  feet  above  the  Upper  Sewick- 
ley. Eastwardly  the  Pittsburg  is  equally  variable  and  it  disappears 
before  the  eastern  boundary  has  been  reached.  A  thin  coal  bed,  almost 
midway  between  the  Upper  Sewickley  and  the  Pittsburg,  is  reported 
at  several  places.  The  Upper  Sewickley  coal  bed,  238  to  250  feet  above 
the  Ames  limestone,  is  as  variable  as  the  Pittsburg,  being  important 
along  the  Muskingum  border,  but  thinning  and  finally  disappearing 
toward  the  southwest.  In  the  central  townships  it  rarely  exceeds  2  feet 
6  inches,  while  on  the  eastern  side,  where  the  Pittsburg  is  absent,  it 
thickens  to  4  feet.  The  interval  to  the  first  coal  above  the  Upper 
Sewickley  is  given  as  120  feet  near  the  Muskingum  border,  but  at  the 
south,  near  the  Athens  line,  it  is  from  96  to  115  feet.  For  the  most 
part  this  bed  is  thin  and  it  nowhere  exceeds  2  feet.  In  Center  town- 
ship a  coal  at  156  feet  above  the  Upper  Sewickley  may  represent  the 
Waynesburg;  it  is  100  feet  below  the  Washington.  The  same  bed 
is  in  Marion  at  150  feet  above  the  Upper  Sewickley  and  64  feet  above 
the  blossom  of  the  Uniontown.  Limestone  beds  are  not  thick,  but  they 
are  numerous  in  the  interval  below  the  Uniontown,  recalling  the  con- 
dition observed  in  eastern  Belmont.* 

Noble  county,  south  from  Guernsey,  is  east  from  Muskingimi  and 
Morgan.  The  Pittsburg  coal  bed,  92  feet  below  the  Upper  Sewickley 
(Meigs  Creek),  is  present  in  the  northeast  township  at  a  few  miles 
southwest  from  Bamesville,  in  Belmont  countv.     A  mere  trace  of  the 

•  Muskingum.     B.  B.  Andrews :  Vol.  1,  pp.  339,  340.     C.  N.  Brown :  Vol.  t.  pi».  1070. 
1071. 

Morgan.     Andrews:  Vol.  i,   pp.  294.   296,  296.  801.  302.  304.  308.  307,  309,  310, 
312.   317.      Brown:   Vol.   ▼.    1067.    1069.     J.    A.   Bownocker:    Bulletin   1,    p.    136. 
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bed  was  seen  at  one  place  in  the  adjoining  township,  but  elsewhere 
it  seems  to  be  wanting.  Its  horizon  is  exposed  in  most  of  the  townships, 
and  oil  borings  bare  been  made  in  others  where  its  place  is  below  the 
surface.  Its  place  is  92  to  102  feet  below  the  Upper  Sewickley  and  140 
to  160  feet  above  the  Ames  limestone.  The  Lower  Sewickley  is  present 
in  the  northeast  comer  at  20  to  25  feet  below  the  Upper,  and  in  some 
other  parts  of  the  county  traces  of  a  lower  bed  were  seen  at  50  to  60 
feet  Limestone  in  thin  bands  often  occurs  within  70  feet  below  the 
Lower  Sewickley,  and  in  the  eastern  townships  the  beds  are  5  to  11  feet 
thick. 

The  Upper  Sewickley  is  the  important  coal  bed  of  Noble  coimty  and 
Tisually  shows  the  triple  structure.  It  is  present  in  all  of  the  townships 
and  ordinarily  is  of  workable  thickness,  though  varying  from  20  inches 
to  7  feet.  It  is  best  in  the  southern  part,  near  the  Washington  border, 
where  it  is  known  as  the  Macksburg  coal.  Along  the  northern  line  it  is 
240  feet  above  the  Ames  limestone,  but  near  the  southern  line  that 
interval  increases  to  258  feet.  In  one  of  the  eastern  townships  the 
upper  division  of  the  bed  is  replaced  by  a  thin  white  limestone,  which 
rests  on  the  clay  parting  without  any  irregularity.  The  roof  is  a  thin 
shale,  underlying  a  sandstone  sometimes  30  feet  thick.  In  much  of 
this  county  limestone  is  more  abundant  above  the  Upper  Sewickley 
than  in  western  Belmont,  notably  in  some  of  the  eastern  townships,  where 
it  persists  even  to  the  southeast  comer.  Some  sections  show  as  much 
as  30  feet. 

The  Uniontown  coal  bed,  195  to  215  feet  above  the  Pittsburg,  is 
reported  occasionally  at  103  to  113  feet  above  the  Upper  Sewickley, 
the  greatest  interval  being  at  the  east  on  the  Monroe  border.  It  is 
usually  very  thin,  but  at  one  exposure  near  the  Monroe  line  it  is  double, 
with  12  and  6  inches  of  coal,  separated  by  6  inches  of  clay.  A  bed 
about  50  feet  higher  and  exceedingly  thin  is  reported  at  a  few  localities 
and  is  very  near  the  Wa}Tie8burg  horizon.  Eed  shale,  14  feet,  was  seen 
at  46  feet  above  the  Upper  Sewickley  in  a  section  near  the  Guernsey 
line.    Elsewhere  this  horizon  is  concealed.* 

Monroe  county,  south  from  Belmont,  is  east  from  Noble.  In  going 
eastward  one  is  in  the  direction  of  increasing  intervals  and  increasing 
limestones,  so  that  tlie  somewhat  widely  separated  measurements  seem 
at  first  to  be  irreconcilable. 

It  will  be  remembered  that  the  Uniontown  coal  bed  is  persistent 
in  southern  Belmont  county;  it  is  thin  along  the  Baltimore  and  Ohio 

•  E.  B.  Andrews:  Vol.  II,  pp.  511,  512,  513,  518,  619,  622,  623,  624,  626,  527. 
C.  N.  Brown :  Vol.  v,  pp.  1076,  1077,  1080,  1081. 
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railroad,  but  is  better  developed  in  Washington  and  York  townships 
near  the  Monroe  line.  In  Warren  township  at  the  west  it  is  71; 
in  Wayne,  87;  in  Smith,  96,  and  in  Washington  122  feet  above  the 
Upper  Sewiekley.  In  Wayne  it  is  74  feet  above  a  peculiar  magnesian 
limestone;  farther  east  the  interval  varies  from  75  to  80  feet,  the  in- 
creasing interval  between  IJniontown  and  Upper  Sewiekley  being  caused 
by  increase  in  and  below  this  limestone,  the  "Cement^*  of  Professor 
Andrews.  This  relation  may  serve  in  working  out  the  conditions  in 
Monroe  as  well  as  to  explain  the  increased  interval  between  those  coal 
beds  along  the  westerly  outcrop  southwest  from  Belmont  county.  In 
Belmont  the  Waynesburg  coal  bed  becomes  insignificant  south  from  the 
Baltimore  and  Ohio  railroad  and  at  most  localities  appears  only  as  an 
insignificant  blossom. 

Along  the  western  side  of  Monroe  county,  into  which  the  section 
can  be  followed  from  Noble  county,  everjrthing  is  simple.  The  Pittsburg 
seems  to  be  wanting  at  all  exposures,  but  it  is  reported  very  thin,  in 
a  well  within  Summit  township.  The  Upper  Sewiekley  is  a  double 
bed,  3  feet  8  inches  to  more  than  6  feet,  with  a  parting  4  inches  to  2 
feet  6  inches,  varying  at  expense  of  the  coal;  the  lower  division  is 
commonly  thicker  than  the  upper.  The  horizon  of  this  bed  soon  passes 
below  the  surface  at  the  north,  but  at  the  south  it  remains  above  drain- 
age for  fully  8  miles  from  the  west  line. 

In  passing  from  the  western  tier  of  townships,  one  crosses  a  space 
without  clear  exposures,  beyond  which  the  succession  is  distinct  enough. 
A  series  of  sections  along  Sunfish  creek  across  Center,  Adams,  and  Salem 
townships  at  6  to  8  miles  from  the  Belmont  line  makes  the  connection. 
In  Center,  Professor  Andrews  gives: 

Feet   Inches 

1.  Red  shale,  ore  bearing 63        0 

2.  Ck>ncealed,  elsewhere  20  feet  of  sandstone  at  base  51  0 

3.  Ck)al  bed 0  6 

4.  CJoncealed    23  0 

5.  Ck)al  bed  1  6 

6.  Shales   70  0 

7.  Goal   bed   Blossom 

8.  Interval   99  0 

9.  Coal  bed 5  9 

and  he  states  that  a  very  thin  coal  bed  is  at  about  50  feet  above  Number 
9.    This  lowest  bed  is  complex,  the  structure  being 

Goal,  1  foot  8  inches;  clay  with  plant  impressions,  2  feet  8  inches;  coal,  2 
inches;  clay,  5  inches;  coal,  10  inches. 
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A  ''Cemenf '  limestone  is  persistent  at  70  to  80  feet  below  this  coal. 

The  interral  to  the  coal  bed,  Nmnber  7,  is  roundly  170  feet.     The 

bottom  coal  bed  and  its  magnesian  limestone  are  shown  along  the  creek 

into  Adams  township,  where  Professor  Andrews  gives  another  section, 

showing  the  red  beds  of  Center  and  the  three  coal  beds,  74  and  96  feet 

apart,  the  total  interval  being  170  feet,  with  the  magnesian  limestone 

at  85  feet  below  the  bottom  bed.    The  limestone  goes  nnder  soon  after 

entering  Salem  township,  bnt  the  coals  remain  above,  and  at  a  mile 

from  the  Ohio  river  Professor  Andrews  finds  the  three  beds  as  before, 

70  and  100  feet  apart,  the  middle  one  being  3  feet  6  inches,  making 

the  total  interval  173  feet  6  inches.     At  the  mouth  of  the  creek,  at 

Clanngton,  Doctor  White's  section  shows  the  red  beds  on  top,  with  the 

three  coal  beds  65  and  98  feet  apart,  the  whole  interval  being  166  feet, 

and,  according  to  Professor  Andrews,  the  magnesian  limestone  was 

reached  there  in  a  shaft  at  75  feet  below  the  lowest  coal  bed. 

All  the  conditions  point  to  correlation  of  this  lowest  bed  with  the 

Uniontown.    The  relation  to  the  magnesian  limestone  is  that  shown  by 

the  TJniontown  in  southern  Belmont.     At  the  mouth  of  Pike  creek, 

in  southern  Belmont,  the  TJniontown  is  55  feet  below  the  Waynesburg 

and  179  feet  below  the  Washington.     It  is  about  100  feet  below  the 

Waynesburg  A.    Evidently  the  Waynesburg  coal  bed  is  wanting  or  so 

thin  as  to  have  no  observed  trace  except  in  Center  township,  where,  at 

50  to  55  feet  above  the  ITniontown  coal  bed,  there  is  a  bed  of  fireclay 

known  as  the  ^'potters'  bed,''  which  sometimes  carries  a  trace  of  coal, 

and  in  Perry  township,  where  the  record  of  an  oil  boring  shows  trace  of 

coal  at  240  feet  above  the  Pittsburg.    The  TJniontown  coal  bed  retains  its 

peculiar  structure  to  the  Ohio  river.     It  resembles  the  structure  of 

the  same  bed  in  central  West  Virginia  along  the  Baltimore  and  Ohio 

railroad. 

The  TJniontown  coal  bed  is  recognized  southward  in  Greene  and  Perry 
townships,  in  each  case  triple,  with  the  characteristic  plant  bed,  but  much 
reduced.  Along  the  Ohio  river  the  interval  to  the  Washington  increases, 
being  190  feet  at  Sardis  and  191  at  Baresville,  both  in  the  township  south 
from  Salem.  This  increase  of  interval,  is  in  accord  with  measurements 
in  Tyler  county  of  West  Virginia  and  is  evidenced  by  an  intermediate 
measurement  reported  by  Doctor  White,  which  gives  125  feet  as  the  inter- 
val between  the  lower  coal  beds.  The  TJniontown  grows  thinner  south- 
wardly along  the  Ohio,  being  only  2  feet  at  BaresviUe,  while  still  farther 
south  it  seems  to  be  wanting;  for  in  a  section  by  Professor  Andrews  its 
place  is  exposed  at  188  feet  below  what  certainly  seems  to  be  the  Wash- 
ington, but  no  trace  of  coal  appears. 
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Hed  beds  are  represented  scantily  in  Monroe  county.  One  of  6  feet 
is  at  36  feet  below  the  Upper  Sewickley  in  the  southwest  part  of  the 
county^  and  an  oil  record  reports  13  feet  at  100  feet  above  the  Pittsburg 
in  the  southwest;  but  exposures  are  so  incomplete  throughout  that  no 
conclusion  respecting  distribution  of  these  beds  can  be  drawn.* 

Betuming  to  the  western  outcrop  in  Athens  county,  south  from 
Morgan,  one  has  Professor  Lovejoy's  generalized  section  for  these  two 
counties : 

Feet 

1.  Sandstone   60  . 

2.  Coal  bed   [Uniontown] Blossom 

3.  Shale  10 

4.  Limestone Oto    3 

5.  Shale    35 

6.  Limestone  0  to  10 

7.  Shale  15 

8.  Limestone  Oto    7 

9.  Shale  25 

10.  Limestone   0  to  12 

11.  Shale  10 

12.  Ck)al  bed  [Upper  Sewickley,  Meigs  Creek] — 

13.  Shale  and  sandstone 20 

14.  Limestone    0  to  12 

15.  Shale,  limestone,  or  sandstone 10  to  75 

la  Pittsburg  coal  bed _ 

The  average  intervals  are,  Number  2,  190,  and  Number  12,  96  feet 
above  the  Pittsburg.  The  great  sandstone  on  top  is  evidently  the  200- 
foot  conglomerate  of  Professor  Andrews.  The  Pittsburg  coal  bed  is  as 
irregular  in  Athens  as  in  Morgan.  It  is  4  feet  to  9  feet  6  inches  in 
the  northeastern  townships,  usually  absent  in  the  central,  and  thin  in 
the  southern  portions.  At  one  locality,  where  the  overlying  sandstone 
is  replaced  by  shale,  thin  coals  are  at  15  and  67  feet  above  the  main 
coal  bed,  the  former  underlying  14  feet  of  red  shale;  at  another  exposure 
9  feet  of  red  shale  overlie  the  sandstone. 

The  Upper  Sewickley  is  absent  from  many  townships,  but  occasionally 
on  the  eastern  (Washington)  border  it  is  6  feet  thick.  The  interval 
to  the  Pittsburg  is  said  to  vary  from  ^5  to  128  feet,  this  variation  appear- 
ing to  depend  much  upon  the  thickness  of  the  sandstone  deposit.  Not^ 
withstanding  the  variations  in  this  interval,  that  between  the  Pittsburg 
and  Uniontown  (Hobson  of  Andrews)  has  186  and  196  as  its  extremes. 


•B.  B.  Andrews:  Vol.  il,  pp.  671,  586. 
J.  A.  Bownocker:  Bulletin  1,  pp.  106,  210,  212,  213. 
I.  C.  White:  Catalogue  of  West  Virginia  TJnlyersity  for  1888-1884,  pi».  61  to  09. 
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The  Uniontown  is  wholly  unimportant.  The  limestones  are  yariable  to 
the  last  degree.* 

Washington  county,  south  from  Noble  and  Monroe,  is  east  from  Mor- 
gan and  Athens.  On  the  western  border  the  Uniontown  (Hobson)  coal 
bed  is  at  104,  89,  and  105  feet  above  the  Upper  Sewickley  (Meigs 
Creek,  Cumberland)  coal  bed  and  in  three  townships  there  is  a  very 
thin  coal  bed  at  140,  150,  135,  and  147  feet  above  the  Upper  Sewick- 
ley, which  is  at  the  place  of  the  Waynesburg  and  underlies  a  coarse 
sandstone,  evidently  the  240-foot  conglomerate  of  Andrews.  The  Union- 
town  is  usually  a  double  bed,  frequently  underl3ring  plant-bearing  shales, 
apparently  equivalent  to  the  bed^s  upper  parting  in  Monroe.  As  in 
other  counties,  it  rests  on  clay  and  limestone,  and  generally  one  finds 
a  sandstone  at  a  few  feet  above  it,  though  at  times  this  is  replaced  by 
shale.  In  the  northwestern  part  of  the  county  a  "limestone  group,"  at 
most  30  feet  thick,  inclusive  of  shale,  is  at  11  to  18  feet  above  the  Upper 
Sewickley;  but  this  disappears  eastwardly,  so  that  in  Noble,  as  in  most 
of  Washington,  it  is  replaced  by  sandstone.  It  seems  to  disappear  in 
southwestward  direction  also,  and  no  trace  of  it  remains  in  Decatur 
township  at  the  southwest  corner. 

The  section  can  be  followed  readily  across  the  greater  part  of  Wash- 
ington county  almost  to  the  Ohio  river,  as  the  Cowrun  anticline  brings 
up  the  lower  part  of  the  formation.  Along  the  northern  border,  in  Salem, 
Liberty,  and  Ludlow  townships,  the  Uniontown  (Hobson)  coal  bed  is 
about  95  feet  above  the  Upper  Sewickley,  which  is  85  to  100  feet  above 
the  Pittsburg.  The  Uniontown  is  very  thin,  apparently  seldom  more 
than  one  foot  thick.  Mr  MinshalFs  section  in  Liberty  shows  it  resting 
on  its  clav  and  limestone,  with  a  coarse  sandstone  at  6  feet  above.  No 
trace  of  the  sandstone  at  "240  feet"  remains  here,  and  the  sandstone 
overlying  the  Uniontown  is  coarser  than  at  any  other  locality  away 
from  the  Ohio  river  in  this  coimty,  though  in  other  counties  it  is  noted 
as  very  coarse.  In  this  section  the  Waynesburg  A  is  100  and  the  Wash- 
ington 160  feet  above  the  Uniontown,  just  as  in  Pleasants  county  of 
West  Virginia,  8  or  9  miles  east  of  south.  The  interval  below  the  Union- 
town  is  filled  mostly  by  shales  and  sandstone  and  the  sandstone  at  one 
to  6  feet  above  the  Upper  Sewickley  sometimes  becomes  50  feet  thick. 
Occasionally,  however,  the  upper  part  of  that  sandstone  is  replaced  by 
red  shale,  52  and  27  feet  being  recorded  at  27  and  18  feet  above  the  coal 
bed.    At  one  locality  10  feet  of  shale  and  limestone  overlie  the  upper 

•  B.  B.  Andrews :  Vol.  i,  pp.  270,  273.  274.  282.  286.  287. 
C.  N.  Brown:  Vol.  ▼,  pp.  1061.  1062,  1063. 
E.  H.  liOTeJoy:  Vol.  yI.  pp.  629,  646. 

VII — Bull.  Qmou  Soc.  Am.,  Vol.  18,  1906 
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red  bed.  The  Tipper  Sewickley  is  from  6  to  6  feet  thick,  double,  with 
a  clay  parting  yarying  at  expense  of  the  coal,  from  2  inches  to  2  feet 
thick.  This  bed  yields  a  good  fuel,  though  somewhat  high  in  ash.  The 
Pittsburg  coal  bed  is  thin,  from  1  foot  2  inches  to  2  feet  10  inches,  oc- 
casionally cannel.  It  imderlies  alternating  limestone  and  shale,  about 
10  feet,  and  a  similar  *^group"  is  at  20  feet  higher.  The  Pittsburg  is 
known  as  the  'limestone"  and  the  Upper  Sewickley  as  the  "sandstone*^ 
vein. 

The  section  is  equally  clear  in  the  tier  of  townships  next  south.  The 
Uniontown  is  96  feet  above  the  Upper  Sewickley  in  Muskingum,  but 
only  82  feet  in  Lawrence,  8  miles  east.  It  overlies  its  clay  and  limestone 
and  varies  in  thickness  from  2  feet  4  inches  to  4  feet  3  inches.  At  the 
west  it  is  double,  but  in  Lawrence  it  is  broken  into  six  layers  of  coal 
and  shale  and  a  variable  sandstone  is  above  it.  The  bed  seems  to  be 
irregular  farther  east  in  Independence  township,  where  it  is  shown  in 
one  section,  but  is  wanting  in  another,  where,  however,  its  overlying  sand- 
stone is  shown  at  somewhat  less  than  100  feet  above  the  Upper  Sewick- 
ley. This  sandstone  is  especially  well  marked  along  the  river  townships 
and  is  rather  uncertain  at  the  west,  where  the  higher  sandstone  is  present. 
For  the  most  part  the  sandstone  overlying  the  Upper  Sewickley  is  coarse 
and  massive,  sometimes  pebbly  and  occasionally  60  feet  thick.  In  Law- 
rence township,  7  or  8  miles  northeast  from  the  city  of  Marietta,  Pro- 
fessor Andrews  found,  at  42  feet  above  the  Upper  Sewickley,  a  coal  bed 
var}ing  from  a  mere  trace  to  4  feet  6  inches.  It  seems  to  be  confined 
to  a  very  small  area,  for  no  trace  of  it  appears  anywhere  else  in  the 
sections,  though  Andrews  says  that  he  has  observed  some  traces  of  it 
in  other  townships.  The  Upper  Sewickley  becomes  thin  and  uncertain 
in  the  eastern  townships,  occasionally  3  feet  thick,  but  usually  much 
less  and  often  wanting.  The  Pittsburg,  85  to  91  feet  lower,  is  wholly 
imimportant,  usually  little  more  than  a  trace,  but  the  limestone  above 
it  persists.  These  conditions  closely  resemble  those  observed  in  Tyler 
and  Pleasants  of  West  Virginia. 

East  from  the  Cowrun  anticline  the  beds  fall'rapidly  to  the  east  and 
details  are  lacking  in  the  river  townships,  Grandview,  Independence,  and 
Newport.  Doctor  White's  long  section  in  southern  Grandview,  about  7 
miles  below  the  Monroe  line,  shows  what  appears  to  be  the  Washington 
of  the  Dunkard  at  150  above  the  river,  so  that  the  place  of  the  Union- 
town  is  not  reached ;  but  at  4  miles  lower  down  the  Uniontown  is  reached, 
3  feet  thick,  10  feet  under  a  massive  sandstone  and  161  feet  imder  the 
Washington  coal  bed.    Two  miles  farther  down,  in  Newport  township. 
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ihifi  sandstone  is  very  coarse^  sometimes  thickening  so  as  to  fill  the 
whole  interval  to  the  place  of  the  Waynesburg^  while  the  underlying 
TTniontown  coal  bed  is  3  feet  thick  and  double^  as  in  Lawrence  town- 
ship 3  or  4  miles  west  north  of  west.  At  3  or  4  miles  farther  the  Gowrnn 
anticline  or  ''oil  breaF'  is  reached.  The  Pittsbnrg  and  Upper  Sewick- 
ley  seem  to  be  wanting. 

On  the  westerly  side  of  the  fold  exposures  are  poor  and  information  is 
wanting.  An  oil  boring  at  Marietta  shows  the  Pittsburg  and  Upper 
Sewickley  absent^  and  the  same  is  true  at  Parkersburg,  West  Virginia, 
about  10  miles  below  Marietta.  The  record  at  Marietta  begins  about  220 
feet  above  the  place  of  the  Pittsburg,  and  that  at  Parkersburg  at  about 
400  feet  above  the  same  horizon,  but  no  evidence  that  the  TTniontown  is 
present  appears  in  either  record.  No  trace  of  the  sandstone  overlying 
the  TTniontown  coal  bed  is  present  in  the  Parkersburg  well,  opposite 
Belpre,  Ohio,  but  the  higher  sand,  about  240  feet  above  the  Pittsburg,  is 
present,  15  feet  thick.  Pour  or  5  miles  farther  down  it  comes  up  from 
the  river  bed  as  a  coarse  rock,  and  thence  for  many  miles  is  an  important 
member  of  the  section. 

The  sections  published  are  for  the  most  part  imperfect,  as  exposures 
are  bad,  so  that  one  may  not  speak  with  certainty  respecting  distribution 
of  red  shale.  On  the  western  border  a  bed  24  feet  thick  is  shown  in 
one  section  at  30  feet  above  the  TTpper  Sewickley;  in  Adams  township 
the  same  horizon  shows  52  feet  at  27  feet,  and  in  Ludlow  27  feet  at  18 
feet  above  the  same  coal  bed.  In  the  southern  part  a  record  at  Marietta 
shows  a  great  mass  beginning  in  the  Conemaugh  and  continuing  upward 
into  the  Monongahela  for  at  least  50  feet,  and  other  beds  are  at  85  and 
120  feet  higher,  the  lower  one  apparently  at  the  horizon  above  the  TTpper 
Sewickley.* 

Meigs  county  is  south  from  Athens  and  borders  the  Ohio  river.  The 
Monongahela  is  only  on  the  eastern  half  of  the  county.  From  the 
northeast  comer  of  Washington  county  the  Ohio  river  flows  almost  west 
of  southwest,  so  that  when  Meigs  county  is  reached  one  has  come  near 
to  the  western  outcrop  of  the  Monongahela;  but  from  the  Athens  line 
the  river  flows  almost  southward  for  more  than  20  miles  and  for  the 
greater  part  of  the  distance  one  seldom  sees  anything  below  the  lowest 
beds  of  the  Dunkard.  At  Antiquity,  on  the  river,  16  miles  south  from 
the  Athens  line,  is  a  measurement  by  Doctor  White : 

•  B.  B.  Andrews :  Vol.  it  PP.  460,  461,  462»  463,  471,  472,  475,  476,  478,  479,  482, 
483,  496,  499,  503,  504,  605,  606,  607. 
B.  Orton:  Vol.  tU,  pp.  399,  400. 
J.  A.  Bownocker:  Bull.  1,  pp.  136,  142. 
I.  C.  White :  Catalogue  of  West  Virginia  University,  1883-1884,  pp.  73,  74,  76,  76. 
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Feet  Inchee 

1.  Red  and  variegated  shale 30  0 

2.  Massive  sandstone    20  0 

3.  Red  shale  and  concealed 30  0 

>                  4.  Coarse  massive  pebbly  sandstone 40  0 

5.  Sandy  shale  10  0 

6.  Concealed  90  0 

7.  Massive  sandstone    15  0 

&  Concealed  in  shaft 125  0 

9.  Pittsburg  coal  bed 5  8 

Feet    Inches 
Coal    2         6 

Clay 0        2 

Coal  3        0 

The  coarse  pebbly  sandstone  is  that  which  made  its  appearance  in  the 
Ohio  river  bed  at  the  southern  point  of  Washington  county  and  is  evi- 
dently that  noted  in  the  Parkersburg  record.  Where  it  first  appears  it 
is  25  feet  under  a  coal  blossom.  Near  Long  Bottom,  in  Meigs  county, 
25  miles  below  Parkersburg,  a  coal  blossom  is  said  to  have  been  seen 
under  this  sandstone,  and  at  7  miles  east  from  Antiquity  a  thin  bed  is 
reported  at  40  feet  above  it.  Six  miles  below  Antiquity  this  sandstone 
is  250  feet  above  the  Pittsburg  and  no  trace  of  coal  appears  in  the  inter- 
val.   At  Pomeroy  the  Pittsburg  coal  is  above  water  and  shows : 

Feet  Inches 

Coal    1       0 

Clay   0       2 

Coal    <1       0 

Coaly  shale  1       2 

There,  as  throughout  Meigs  county,  a  great  sandstone  comes  down  upon 
the  Pittsburg  or  is  separated  from  it  at  most  by  15  feet  of  shale;  it  is 
from  60  to  70  feet  thick. 

The  higher  coal  beds  are  to  all  intents  wanting,  as  in  southern 
Washington  county.  The  Pittsburg  reappears  at  perhaps  16  miles  below 
Parkersburg,  where  it  has  been  found  in  an  oil  boring;  thence  it  in- 
creases and  becomes  of  importance  at  Antiquity,  whence  it  is  a  workable 
bed  into  Gallia  county. 

The  great  sandstone  shown  at  Antiquity  is  readily  traceable  along 
the  Ohio  from  its  first  appearance  at  the  southern  edge  of  Washington 
county.  As  described  by  Doctor  WTiite,  it  is  coarse  and  massive,  with 
pebbly  streaks  containing  quartz  pebbles  at  times  an  inch  in  diameter. 
No  reference  is  made  to  it  by  Professor  Andrews  in  his  report  on  Athens 
county  and  none  of  his  sections  reaches  to  it,  the  longest  being  only 
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to  187  feet  above  the  Pittsburg  coal  bed;  but  Professor  Lovejoy  gives  in 
his  generalized  section  for  Meigs  county  a  sandstone,  30  to  50  feet 
thick,  at  about  270  feet  above  the  Pittsburg.  In  Athens  county,  very 
near  the  Meigs  border,  Professor  Andrews  has  this  sandstone  at  about  40 
feet  above  that  resting  on  the  Uniontown  coal  bed,  and  Professor  Love- 
joy  seems  to  have  followed  it  around.  It  seems,  therefore,  altogether 
probable  that  the  lower  sandstone,  that  overlying  the  Uniontown  coal 
bed,  has  disappeared  as  a  great  sandstone  throughout  Meigs,  as  it  did 
on  the  Ohio  river  in  Washington  county,  and  that  here  in  this  higher 
sandstone  we  have  the  equivalent  of  the  Waynesburg  sandstone  belong- 
ing to  the  Dunkard  formation;  but  the  Waynesburg  coal  bed  seems  to 
be  represented  only  by  a  mere  blossom,  as  is  also  the  Upper  Sewickley 
in  Meigs  county,  while  no  trace  of  the  Uniontown  remains. 

Professor  Andrews's  sections  show  a  bed  of  red  shale  12  to  18  feet 
thick  at  164  feet  above  the  Pittsburg  in  two  localities;  one  of  14  feet 
at  140;  one  of  18  feet  at  from  117  to  120,  and  one  of  6  feet  at  100 
feet  above  the  Pittsburg,  while  at  times  the  upper  part  of  the  Pittsburg 
sandstone  is  replaced  by  red  shale.* 

Gallia  county  is  south  from  Meigs,  along  the  Ohio  river.  The  Pitts- 
burg coal  bed  is  present  in  the  northern  part  of  the  county,  near  the 
Meigs  border,  but  only  in  isolated  patches,  and  the  coal  has  little  cover. 
It  is  4  feet  6  inches  near  the  Meigs  line,  but,  decreasing,  is  only  1  foot 
6  inches  .at  a  few  miles  south.  It  is  overlain  by  sandstone,  which  at  one 
locality  near  Qallipolis  is  broken  by  red  shale,  10  feet,  at  17  feet  above 
the  coal. 

An  insignificant  area  remains  on  Oreasy  ridge,  in  Lawrence  county, 
8  to  10  miles  west  from  the  Ohio  river.  There  Mr  McMillin  measured 
a  thickness  of  4  to  5  feet.  This  is  the  last  fragment  in  Ohio,  and  the 
Honongahela  is  not  reached  by  the  Kentucky  section.f 

WEST  VIROINIA 

Betuming  now  to  the  east  and  entering  West  Virginia  from  Pennsyl- 
vania, one  finds  an  insignificant  patch  of  Monongahela  remaining  in 
the  Blairsville-Connellsville  basin,  where  the  Pittsburg  coal  bed  under- 
lies a  thick  coarse  sandstone  and  the  Bedstone  coal  bed,  with  its  lime- 
stone, is  absent.  Two  miles  westward,  beyond  the  Monongahela  river, 
this  sandstone  has  disappeared,  and  one  finds  a  section  very  similar  to 

■i^^^— ^i*— ^^"^-^         ■■■■  ■       ■  ■  I  I    ^  ■  I      II  I^MIB  ^m  ■■■  ■■■■  ■  I  IM  I.  ■[■Ill  I 

•  E.  B.  Andrews :  Vol.  1,  pp.  263,  250  to  278. 

E.  M.  LoTeJoy:  Vol.  yi,  pp.  627,  628,  629. 

I.  C.  White:  Op.  clt,  pp.  83,  84,  85,  86. 
fE.  B.  Andrews:  Vol.  1,  pp.  236,  236,  239,  240,  243. 

Emerson  McMillin  in  personal  communication. 
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that  of  Greene  county  of  Pennsylvania.  The  formation  soon  passes  below 
the  surface^  and  thence  across  the  state  it  can  be  followed  by  means 
of  oil-well  records. 

In  Monongalia  county,  at  a  few  miles  south  from  the  Pennsylyania 
line,  one  has  the  carefully  measured  section  by  Doctor  White: 

Feet  Inches 

1.  Waynesburg  coal  bed 10     10 

2.  Black  shale  1  0 

3.  Sandy  shale   25  0 

4.  Waynesburg  limestone 8  0 

5.  Sandy  shales,  layers  of  limestone 90  0 

6.  Masslye  sandstone 20  0 

7.  Limestone  and  shale 15  0 

&  Black  shale,  Unlontown  horln>n 2  0 

9.  Limestone  and  thin  shales 105  0 

10.  Sewlckley  sandstone 40  0 

11.  [Lower]  Sewlckley  coal  bed 5  0 

12.  Shale  and  sandstone 15  0 

13.  Limestone                     ^                     r 15  0 

14.  Shales  and  concealed  C  [Fishpot]  ) 23  0 

15.  Limestone                     )                    { 7  0 

le.  Concealed   15  0 

17.  Bedstone  coal  bed 4  0 

18.  Bedstone  limestone 18  0 

19.  Shale  and  slate  10  0 

20.  Pittsburg  coal  bed 13  10 

The  multiple  Waynesburg  bed  has  this  structure: 

Goal,  2  feet;  shale,  1  foot;  coal,  1  foot  4  Inches;  shale,  1  foot  6  Inches;  coal, 
5  feet; 

and  the  Pittsburg  is: 
Boof,  coal,  and  slate,  3  feet  3  Inches;  clay,  1  foot;  Main  coal,  9  feet  7  inches. 

The  total  thickness  of  the  formation  is  372  feet  8  inches.  The  inter- 
yal  from  Waynesburg  to  IJniontown  is  99  feet  and  that  to  the  Lower 
Sewickley  is  246  feet.  At  Fairmont,  20  miles  south,  in  Marion  county, 
the  intervals  are  almost  the  same,  the  Bedstone  coal  bed  is  absent, 
and  the  Waynesburg,  with  4  feet  6  inches  of  coal,  is  barely  6  feet  thick. 
The  Waynesburg,  Uniontown,  Benwood,  Fishpot,  and  Bedstone  lime- 
stones are  all  present  and  distinct,  but  no  trace  of  the  Little  Waynes- 
burg coal  bed  appears  in  any  of  the  sections. 

The  measurements  of  two  cores  from  diamond  drill  are  available  a 
few  miles  west — one  in  Monongalia  county  measured  by  Mr  J.  E.  Bamea» 
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the  other  near  Farmington,  in  Marion  county^  measured  by  Doctor 
White, 

Feet   Inches  Feet  Inches 

Waynesburg  coal  bed 7        7  0  0 

Interval   225        0  299  9 

Lower  Sewickley 6        8  6  4 

Interval   77        4  107  2 

Pittsburg  coal  bed 9        1  9  1 

Totals 325        8  428         4 

showing  a  remarkable  increase  in  intervals  southward;  so  that  at  the 
latter  locality^  8  miles  west  from  Fairmont,  one  has  the  greatest  recorded 
certain  thickness  for  the  Monongahela.  At  the  northern  locality  the 
Uniontown  limestone,  as  near  Morgantown,  in  Doctor  White's  section,  is 
almost  continuous  with  the  Benwood,  but  at  the  southern  it  is  distinctly 
separate.  The  Uniontown  coal  bed,  wanting  in  the  Monongahela  core, 
is  present  in  that  from  Farmington,  where,  however,  the  Bedstone  is 
not  present.  "The  sandstones  are  very  pronounced  in  the  Farmington 
section,  and  that  just  below  the  Waynesburg  coal  bed  is  so  massive  that 
it  is  named  by  Doctor  White  the  Gilboy  sandstone.  Bed  shale,  absent 
in  the  northern  core,  is  present  at  Farmington,  5  feet  thick  at  47  feet 
below  the  Uniontown  coal  bed. 

In  Monongalia  county  the  formation  thickens  westwardly.  Some 
wells  about  10  miles  west  from  the  river  record  330  to  340  feet  between 
the  Waynesburg  and  Pittsburg  and  one  at  20  miles  gives  the  interval  as 
363  feet,  with  total  thickness  of  377.  The  Lower  Sewickley  coal  bed  is 
present  in  all  the  records  giving  any  details.  In  Marion,  along  a  line 
passing  southwest  about  12  miles  northwest  from  Fairmont,  the  interval 
from  Waynesburg  to  Pittsburg  is  325  near  the  Monongalia  ILae,  but  at 
Mannington,  2  or  3  miles  west  from  Farmington,  it  is  390  feet.  The 
Lower  Sewickley  is  present  in  all  of  the  records  at  225  to  almost  290 
feet  below  the  Waynesburg,  but  the  Bedstone  seldom  appears.  The  Se- 
wickley sandstone  is  well  marked  except  near  Mannington.  As  the 
records  are  of  the  ordinary  type,  they  aflford  no  information  respecting 
the  limestones.  The  Waynesburg,  Lower  Sewickley,  and  the  Pittsburg 
coals  persist  to  the  western  border  of  the  county,  but  records  on  that  side 
give  no  information  respecting  the  intervening  rocks.* 

Wetzel  couniy,  west  from  Monongalia  and  Marion  and  south  from 
Marshall,  extends  to  the  Ohio  river,  where  it  adjoins  southern  Monroe 

•  I.  C.  White :  Oeolo^  of  West  Virginia.  Vol.  1,  pp.  232,  234,  236.  238,  239,  241, 
246,  247,  248 ;  yol.  \a,  pp.  163,  164,  166 ;  vol.  ii,  127,  128,  129.  Bulletin  U.  S.  Oeol. 
Surrey*  no.  65,  p.  48. 

J.  B.  Barnes:  Cited  in  yoL  U,  p.  127. 
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of  Ohio.  In  the  eastern  part  of  the  coimty  the  Waynesburg  is  237  to  244 
feet  above  the  Lower  Sewickley  and  330  to  350  feet  above  the  Pittaburg. 
A  core  obtained  at  Pine  Grove,  midway  in  the  county,  and  measured  by 
Doctor  White,  shows  the  Pittsburg,  Redstone,  Lower  Sewickley,  Union- 
town,  and  probably  the  Waynesburg  coal  beds,  all  of  them  very  thin, 
none  exceeding  2  feet  2  inches.  The  Waynesburg  and  Uniontown  lime- 
stones are  wanting,  but  the  Benwood,  Fishpot,  and  Redstone  are  still 
present.    The  intervals  shown  by  this  core  are : 

Feet      Inches 
Waynesburg  coal  bed 0  6 

Interval  96  0 

Uniontown  coal  bed 1  6 

Interval   143  '11 

Sewickley  coal  bed  [Upper  (?) ] 2  2 

Interval  79  6 

Redstone  coal  bed   1  7 

Interval   24  9 

Pittsburg  coal  bed 2  2 

In  the  northeast  comer  of  the  county,  adjoining  Monongalia,  the 
Waynesburg  is  340  feet  above  the  Pittsburg  and  in  the  southeast  corner 
the  interval  is  350  feet,  with  the  Washington  at  165  feet  above  the 
Waynesburg.  Midway  along  this  line  the  Uniontown  is  recorded  at 
277  feet  above  the  Pittsburg  and  230  feet  below  the  Washington,  the 
intervals  being  greater  than  at  Pine  Grove.  There  the  Washington  is 
but  484  feet  above  the  Pittsburg,  and  at  a  little  way  northeast  the  interval 
is  475.  Very  possibly  the  little  coal  at  Pine  Grove  correlated  with  the 
Waynesburg  may  be  a  local  streak  or  one  whose  thinnesa  has  prevented 
recognition  at  surface  exposures.  The  interval  to  the  Pittsburg,  359 
feet,  is  too  great,  in  view  of  decrease  in  other  intervals.  The  Waynesburg 
and  Uniontown  coal  beds  are  so  thin  that  they  have  been  overlooked  by 
the  drillers  at  most  places,  but  on  the  northern  border  of  the  coimty,  at 
10  miles  east  from  the  Ohio  river,  the  interval  from  the  Washington  has 
decreased  to  446  feet,  and  there  is  another  bed  at  356  feet.  One  mile 
farther  north,  in  Marshall  coimty,  cores  obtained  by  Mr.  Barnes  show 
the  Wa}Tiesburg  at  306  feet  and  the  Uniontown  at  233  feet  above  the 
Pittsburg.  The  first  coal  bed  above  the  Waynesburg  would  be  about  120 
feet  above  the  Uniontown.  Where  the  formation  comes  to  the  surface, 
10  or  12  miles  farther  northwest,  the  Waynesburg,  55  feet  above  the 
Uniontown,  is  but  238  feet  abovp  the  Pittsburg  and  110  to  115  below 
the  Washington.  There  are  no  well  records  near  the  Ohio  river,  but  a 
section  at  that  river  in  the  extreme  northwest  comer  of  the  coimty  shows 
the  Uniontown,  said  to  be  3  feet  thick,  at  76  feet  above  the  river  and^  as 
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at  Proctor,  10  miles  east,  120  to  126  feet  below  the  Wajroesburg  A  coal 
bed.  The  Waynesburg  seems  to  be  wanting,  but  a  sandstone  answering 
to  the  Gilboy  horizon  and  extending  upward  to  beyond  the  place  of  the 
Waynesburg  is  present. 

The  Pittsburg  coal  bed  is  persistent  in  eastern  and  northern  Wetzel, 
though  evidently  varying  much  in  thickness,  but  in  western  Wetzel  it  is 
extremely  irregular,  often  represented  only  by  black  shale.  There  is 
much  sandstone  above  the  Uniontown  coal  at  Pine  Grove  as  well  as  along 
the  Ohio  river,  but  in  the  eastern  part  of  the  county  the  interval  to  the 
place  of  the  Wa}Tiesburg  seems  to  carry  mostly  shale.  Red  shales  are 
wanting  at  Pine  Grove,  but  a  detailed  record  at  a  few  miles  east  shows 
5  feet  resting  on  the  Pittsburg  and  35  feet  at  238  feet  higher,  under- 
Iring  the  place  of  the  Uniontown  coal  bed.  The  Pine  Grove  boring 
shows  88  feet  of  limestone  in  the  Benwood  interval,  the  Pishpot  is  repre- 
sented by  11  feet  of  limestone  and  14  feet  of  calcareous  shale,  while 
Umestone  fills  half  the  interval  from  the  Bedstone  to  the  Pittsburg.  The 
other  records  give  no  trustworthy  information  respecting  the  limestones.* 

Returning  now  to  the  east,  one  finds  the  outcrop  in  the  western  third 
of  Taylor  and  Barbour  counties  and  in  eastern  Harrison,  where  the 
lower  part  of  the  formation  is  above  drainage.  The  only  available  sec- 
tion in  the  former  counties  shows  no  Waynesburg,  Uniontown,  or  Se- 
vickley,  as  their  places  are  concealed,  but  a  coal  bed,  probably  the  Red- 
stone, is  at  32  feet  above  the  Pittsburgh  5  feet  thick  and  accompanied  by 
its  limestone,  11  feet.  A  white  limestone  5  feet  thick  and  175  feet  above 
the  Pittsburg  is  thought  by  Doctor  White  to  be  the  only  representative 
of  the  Benwood.  A  succession  of  sandstones  beginning  at  125  feet  above 
the  Redstone  coal  bed  culminates  in  a  massive  rock,  very  pebbly  at  458 
feet  above  the  Pittsburg,  whose  place  is  very  uncertain.  A  section  by 
Mr  J.  L.  Johnson  at  Clarksburg  in  Harrison  county  is : 

Feet  Inches 

1.  Massive  sandstone Not  measured 

2.  Concealed  and  yellow  shale 65  9 

3.  Sandstone   25  0 

4.  Ck>ncealed  some  limeetone 80  0 

5.  Sandstone  and  sandy  shale 46  0 

6.  Sewickley  sandstone 40  0 

7.  Shale 10  0 

8.  Sewickley  coal  bed  [Lower] 1  0 

9.  Limestone  [Flshpot]  9  0 

10.  Ckmcealed,  shale,  sandstone 31  0 

11.  Redstone  coal  bed,  slaty 3  0 

•  I.  C.  White :  Vol.  i.  339,  340 :  Tol.  la,  pp.  177,  178,  187,  192,  190,  202 ;  toI.  U,  pp. 
Ids,  139.    Catalogne  of  West  Virginia  University,  1883-1884,  p.  66. 
J.  B.  Barnes:  Cited  in  vol.  ii,  p.  131,  132. 
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Feet  Inches 

12.  Shale  6  0 

13.  Redstone  limestone  6  0 

14.  Shale  13  0 

15.  Pittsburg  coal  bed 8  6 

The  Bandstone  at  the  top  of  the  section  is  320  feet  aboTe  the  Pittsburg 
coal  bed.  Stevenson's  sections  along  the  railroad  beyond  Clarksburg 
show  the  Redstone  and  Sewickley  at  20  and  41  feet  above  the  Pittsburg, 
with  the  Sewickley  sandstone,  40  feet  thick,  at  6  feet  above  the  coal  bed. 
On  top  of  the  sandstone  is  black  shale,  6  feet,  containing  2  inches  of  coal 
and  marking  the  place  of  the  Upper  Sewickley.  The  Benwood  limestone 
is  represented  by  only  7  feet  of  limestone  and  calcareous  shale,  at  about 
8  feet  above  the  Upper  Sewickley.  Stevenson  reports  a  coal  bed  at 
Clarksburg,  160  feet  by  barometer,  above  the  Lower  Sewickley;  but  this 
interval  cannot  be  depended  on,  as  all  of  the  intervals  by  barometer  given 
in  the  paper  here  quoted  are  too  small.  This  bed  may  be  at  the  Union- 
town  horizon.  It  is  identified  with  a  bed  seen  at  9  miles  west  from 
Clarksburg,  4  feet  thick,  divided  by  one  foot  of  clay. 

At  Brown's  mills,  10  miles  northwest  from  Clarksburg,  a  record  kept 
with  unusual  care  shows : 

Feet 

1.  Waynesburg  sandstone 25 

2.  Waynesburg  coal  bed 3 

3.  Slate   15 

4.  Gilboy  sandstone  35 

6.  Shale    80 

6.  Uniontown  coal  bed 5 

7.  Shale  and  ''limestone" 266 

8.  Pittsburg  coal  bed 10 

Doctor  White  has  recognized  the  Waynesburg,  Waynesburg  A,  and 
Washington  coal  beds  in  surface  croppings  near  thia  boring,  so  that 
theje  remains  no  room  for  doubt  respecting  the  correlation.  The  Qilboy 
sandstone,  whose  top  is  385  feet  above  the  Pittsburg,  is  no  doubt  included 
in  the  great  sandstone  at  Clarksburg,  whose  bottom  is  320  feet  above  that 
coal  bed,  for,  as  will  be  seen,  the  bed  varies  greatly  in  thickness.  A  de- 
tail record  3  miles  eastwardly  from  Browns  shows  no  coal  at  the  place 
of  the  Waynesburg,  the  sandstone  is  wanting,  and  the  Washington  coal 
bed  is  638  feet  above  the  Pittsburg,  23  feet  more  than  in  southeast  Wetzel, 
10  miles  northwest.  Near  Cherry  Camp,  on  the  Baltimore  and  Ohio 
railroad,  10  miles  west  of  south  from  Browns  and  a  similar  distance  west 
from  Clarksburg,  a  detailed  record  shows  the  Washington  at  668,  the 
Waynesburg  A  at  481,  and  the  Uniontown,  2  feet  thick,  at  287  feet 
above  the  Pittsburg.    The  intervals  are  all  larger  than  at  Browns.    The 
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Gilboy  sandstone  is  25  feet  thick  and  94  feet  above  the  Uniontown^  the 
same  as  at  Browns^  making  allowance  for  thinning  of  the  rock.  At 
Salem,  west  from  Cherry  Camp,  the  Washington  is  646  feet  above  the 
Pittsburg;  no  Wajnesburg  is  here,  but  a  35-foot  sandstone  is  at  405 
feet,  as  at  Browns.  Farther  south,  in  western  Harrison,  a  Sewickley 
coal  bed  is  at  80  and  the  Uniontown  coal  bed  at  280  feet  above  the  Pitts- 
burg. 

The  Pittsburg  coal  bed  attains  great  thickness  in  Harrison,  Barbour, 
and  Lewis  counties.  The  roof  division,  so  well  marked  in  most  of  Penn- 
sylvania and  Ohio,  is  seen  rarely,  but  very  often  a  black  slate  rests  on  the 
"over-clay.''  The  thickness  from  Clarksburg  eastward  is  not  far  from 
8  feet  and  one  opening  shows  almost  9.  There  is  a  tender  middle  bench, 
the  'T)ands,''  answering  to  the  ^T)earing-in-bench''  of  Pennsylvania  and 
Ohio,  separating  the  *T)reast"  from  the  ^1)ottom.''  The  ^^breasf'  usually 
contains  a  good  deal  of  hard  coal,  often  much  semi-cannel,  but  the 
*1)ottom''  is  a  softer  coal,  lower  in  ash,  and  all  very  good  except  a  few 
inches  on  the  floor.  The  whole  bed  gives  marketable  coal.  The  thick- 
ness decreases  west  from  Clarksburg  and  at  times  falls  to  5  feet. 

The  only  red  shale  recorded  in  the  Clarksburg  region  is  a  thin  bed, 
sometimes  replacing  the  upper  part  of  the  Sewickley  sandstone.  There 
is  none  in  the  Brown  record;  but  records  farther  south,  on  the  west  side 
of  the  county,  show  10  and  30  feet  at  250  and  349  feet  above  the  Pitts- 
burg, the  former  belonging  to  the  deposit  below  the  Uniontown  and  the 
latter  underlying  the  Gilboy  sandstone,  which  in  turn  underlies  almost 
immediately  the  place  of  the  Waynesburg  coal  bed.* 

Doddridge  county,  west  from  Harrison,  is  south  from  Wetzel  and 
Tyler.  At  Sedalia,  on  the  eastern  border,  7  or  8  miles  south  of  west 
from  Browns  and  6  or  7  miles  northwest  from  Cherry  Camp,  is  the 
measurement  of  a  core  obtained  by  Mr  Barnes,  thus : 

Feet  Inchet 

1.  Mostly  shale  61  0 

2.  Black  and  gray  shale 2  0 

3.  Blue  shale  4  0 

4.  Sandy  shale 12  0 

5.  Sandstone 83  0 

6.  Blue  shale 17  8 

7.  Ck>al  bed  [Uniontown] 3  2 

&  Shales  and  limy  shales 184  2 

9.  Coal  bed 0  6 

10.  Shales  and  sandstones 83        0 

11.  Pittsburg  coal  bed 6       10 

*I.  C  White:  Balletin  no.  06,  pp.  49.  Geology  of  West  Virginia,  vol.  1,  pp.  248, 
360;  TOl.  la,  pp.  816,  817,  819,  820;  vol.  ii,  pp.  189,  140,  141. 

J.  J.  Bterenion :  Proc  Am.  Phil.  Soc.,  vol.  xiy  (1876),  pp.  877,  878,  881. 
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Here  one  is  18  miles  southeast  from  Pine  grove,  in  Wetzel  county. 
The  Uniontown  coal  bed  is  almost  268  feet  above  the  Pittsburg.  At 
Browns  the  interval  is  265,  and  at  Cherry  Camp  287  feet.  The  top  of 
the  Gilboy  sandstone  at  Browns  is  385,  at  Cherry  Camp  about  400,  and 
at  Sedalia  371  feet  above  the  Pittsburg.  At  Sedalia  there  is  a  little 
black  shale  at  388,  and  at  Browns  the  Waynesburg  coal  bed  is  at  400, 
underlying  a  sandstone  which  at  Salem  is  405  feet  above  the  Pittsburg. 
The  elements  of  the  section  are  the  same  throughout  and  the  varying 
intervals  are  but  sums  of  variations  in  the  subordinate  intervals.  The 
great  sandstone  at  Sedalia  is  the  Gilboy  of  earlier  records,  increased 
downward  so  as  to  embrace  most  of  the  underlying  shale  at  Browns.  The 
interval  decreases  westwardly,  and  at  10  miles  from  Sedalia  the  Union- 
town  is  250  feet  above  the  Pittsburg,  with  no  coal  in  168  feet  above  to 
the  top  of  the  well.  The  Waynesburg  is  evidently  gone,  as  no  trace  of 
it  appears  in  intervening  records.  Here  one  is  on  the  border  of  Tyler 
county  and  about  11  miles  southwest  from  Smithfield,  in  Wetzeli  where 
the  Waynesburg  is  present,  and  350  feet  above  the  Pittsburg. 

Long  run,  on  the  Baltimore  and  Ohio  railroad,  is  7  miles  west  from 
Cherry  Camp.  A  well  record  gives  the  Pittsburg  as  3  feet  thick,  but 
no  clear  record  is  given  above  that  coal  bed.  Along  the  railroad  from 
Long  run  westward  to  West  Union,  midway  in  the  coimty,  one  often 
sees  a  coal  bed  imderlying  a  massive  pebbly  sandstone.  The  structure 
of  the  bed  is  remarkably  like  that  of  the  Waynesburg  farther  north,  and 
for  that  reason  Stevenson  correlated  it  with  that  bed,  regarding  the  over- 
lying plant  shales  as  equivalent  to  those  now  known  as  the  Cassville. 
The  section  at  Smithton  is: 

Fmt  InebM 

1.  Shale,  with  impressions  of  plants 4  0 

2.  Coal 2  2 

3.  Clay 0  3 

4.  Coal  0  2 

5.  Cannel 0  3 

6.  Shale  8  6 

7.  Coal  1  6 

The  material  here  available  may  not  suflBce  to  justify  positive  correla- 
tion of  this  bed,  but  it  can  hardly  be  the  Waynesburg,  for  that  bed  seems 
not  to  extend  so  far  south,  while  the  conditions  at  Long  run  and  in 
counties  beyond  seem  to  justify  the  assertion  that  it  must  be  very  near 
the  place  of  the  Uniontown,  as  Doctor  White  has  suggested.  Its  re- 
semblance in  structure  to  the  Uniontown  of  Monroe  county,  Ohio,  is 
very  remarkable.    Detailed  records  are  too  few  in  Doddridge  county  to 
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enable  one  to  speak  finally  about  distribution  of  the  red  shales.  The  bed 
belonging- under  the  Uniontown  coal  bed  is  15  feet  thick  on  the  Tyler 
border,  but  along  the  eastern  side  the  beds  are  thin  and  unimportant.* 

Tyler  county,  southwest  from  Wetzel  along  the  Ohio  river,  is  north- 
west from  Doddridge  and  adjoins  northern  part  of  Washington  county  of 
Ohio.  The  number  oi  oil  wells  in  this  county  is  very  great,  but  for  the 
most  part  the  records  are  merely  skeletons  in  much  of  the  county,  com- 
paratively few  making  any  note  above  the  Pittsburg  horizon.  That  coal 
bed  is  recorded  in  many  wells  along  the  Doddridge  borderj  but  is  absent 
from  many  others,  while  in  by  far  the  greater  part  of  the  county  it  ia 
represented  by  a  mere  trace  or  is  wholly  wanting;  but  the  horizon  can 
be  carried  without  difficulty  along  the  strike  lines  by  means  of  the  Logan 
(Big  Injun)  sandstone. 

A  record  just  over  the  line  in  Doddridge  county  notes  the  Uniontown 
coal  bed  at  250  feet  above  the  Pittsburg.  In  southeast  Tyler,  near  Wick, 
a  detailed  section  shows  the  Uniontown,  very  thin,  at  253  feet  above  the 
Pittsburg  and  36  feet  above  a  16-foot  bed  of  red  rock,  which  is  very 
near  the  place  of  a  bed  in  a  Doddridge  well  10  miles  northeast.  At  Wick 
this  coal  bed  underlies  30  feet  of  coarse  sandstone,  as  it  does  near  Smith- 
ton,  5  or  6  miles  southeast  on  the  railroad,  and  it  is  191  feet  below  the 
Washington,  a  very  notable  decrease  from  Harrison  county,  where  the 
interval  is  273  feet  within  the  Sardis  district.  The  Washington  is  538 
feet  above  the  Pittsburg  in  Sardis,  but  only  444  feet  in  southeast  Tyler. 
The  interval,  Uniontown  to  Washington,  is  almost  30  feet  less  than  at 
Pine  Grove,  in  Wetzel,  20  miles  north-northeast. 

More  information  is  available  along  a  line  7  to  8  miles  northwest  from 
this  Pine  Grove-Wick  line.  The  Uniontown  coal  bed  is  noted  in  most  of 
the  records  giving  any  information  above  the  Pittsburg  horizon.  On 
the  Wetzel  border,  6  miles  east  of  south  from  New  Martinsville  and  at 
the  same  distance  southeast  from  Sardis,  in  Monroe  of  Ohio,  the  interval 
from  Uniontown  to  Pittsburg  is  240  feet;  farther  southwest  to  the 
Ritchie-Pleasants  line  the  Uniontown  is  almost  constantly  present  at 
1,460  to  1,470  feet  above  the  Logan  sandstone  and  220  to  230  feet  above 
the  Pittsburg,  where  that  bed  is  present.  The  interval  to  the  Pittsburg 
decreases  still  more  toward  the  west,  becoming  210,  and  then  200,  while 
at  8  miles  from  Middleboume,  on  the  Pleasant  border,  a  record  shows 
what  seems  to  be  this  bed  at  177  feet.  The  changes  in  relation  to  the 
Washington    are    quite    as    interesting    as    those    in    relation    to    the 

•I.  C.  White:  Vol.  J,  pp.  325,  328,  330,  331,  332;  Tol.  la,  p.  283;  vol.  U,  p.  138. 
J.  B.  Baraefl:  Cited  In  vol.  11,  p.  138. 
J.  J.  Stevenson :  Proc.  Am.  Phil.  Soc,  vol.  xlv,  pp.  376,  377. 
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Pittsburg.  The  latter  interval  has  decreased  gradually  from  288  feet 
in  Harrison  to  certainly  200  and  possibly  177  in  western  Tyler;  that 
from  the  Washington  has  decreased  from  somewhat  more  than  270  in 
Harrison  to  180  at  the  last  record  in  western  Tyler,  the  decrease  in  this 
case  being  as  gradual  as  in  that  of  the  other  interval.  The  Waynesburg 
coal  bed  is  not  noted  anywhere  in  Tyler.  No  coal  or  trace  of  coal  appears 
in  record  between  the  Uniontown  and  the  Pittsburg.  Only  two  detailed 
records  are  available  for  this  county.  That  in  the  southeast  comer  shows 
red  beds  at  203  and  283  feet  above  the  Pittsburg,  and  one  in  the  south- 
west shows  a  bed  75  thick  at  79  feet  below  the  Uniontown  horizon,  that 
coal  bed  being  absent,  having  been  cut  out  by  downward  extension  of 
the  overlying  sandstone.* 

Pleasants  county,  west  from  Tyler  along  the  Ohio  river,  adjoins 
Washington  county  of  Ohio.  A  coal  bed  is  reported  in  a  well  near  the 
northeast  comer  of  the  county  at  1,227  feet  above  the  ^'Keener''  sand- 
stone. Near  Middlebourne,  in  Tyler,  the  Pittsburg  is  1,229  feet  above 
the  "Keener,"  and  in  another  well  near  the  Pleasants  border  it  is  1,252 
feet  above  the  bottom  of  that  sandstone.  The  bed  in  northeast  Pleasants 
is  very  near  the  place  of  the  Pittsburg,  but  its  occurrence  is  of  merely 
geological  interest,  as  the  bed  is  insignificant,  the  driller  reporting  only 
3  feet  in  kll.  At  Saint  Marys,  on  the  Ohio  river,  the  Uniontowii  coal 
bed  is  2  to  3  feet  thick  and  underlies  a  massive  sandstone  which  is  trace- 
able up  the  river  almost  to  the  Tyler  line.  There  the  interval  to  the 
Washington  has  decreased  to  160  feet,  20  feet  less  than  at  the  last  meas- 
urement in  Tyler  county.  No  record  is  here  to  determine  the  distance 
to  the  Pittsburg,  but  at  a  few  miles  west,  in  Washington  county  of  Ohio, 
the  Uniontown  is  186  feet  above  the  Pittsburg.  Borings  along  the  Ohio 
river  find  no  trace  of  the  Pittsburg  coal  bed,  which  is  very  thin  in  the 
adjacent  part  of  Ohio.f 

Ritchie  county,  west  from  Doddridge,  is  south  from  Tyler  and  Pleas- 
ants. The  Monongahela  is  deeply  buried  except  near  the  western  border, 
where  the  Cowrun  anticline  brings  up  still  lower  rocks.  The  Pittsburg 
coal  bed  is  of  extremely  uncertain  occurrence  and  the  detrital  beds  vary 
abruptly,  as  appears  in  numerous  detailed  records.  In  the  northeast  cor- 
ner the  Uniontown,  very  thin,  is  237  feet  above  the  Pittsburg,  16  feet 
less  than  at  Wick,  3  or  4  miles  northeast ;  2  miles  farther  south  25  feet  of 
hard  sandstone  appear  at  230  feet  above  the  Pittsburg,  evidently  that  be- 
longing over  the  Uniontown  coal  bed  on  the  railroad  in  Doddridge  county. 
Farther  south  along  this  eastern  si^e,  for  9  or  10  miles  the  Pittsburg  coal 

•I.  C.  White:  Vol.  1,  332;  vol.  [a,  pp.  240,  248,  249,  250,  251,  252,  256,  250,  258, 
266,   268. 

1 1.  C.  White :  Vol.  1,  p.  354  ;  vol.  la,  269.  278. 
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bed  is  rarely  absent  from  the  records  and  varies  from  2  to  6  feet,  shale 
included,  bnt  all  the  records  are  skeleton  and  give  no  information  above 
that  bed.  Westward  the  Pittsburg  soon  disappears,  but  its  place  in  re- 
lation to  the  Logan  sandstone  is  clear,  so  that  the  horizon  is  followed  for 
the  most  part  without  difficulty.  At  8  miles  west  from  the  Doddridge 
line  the  Uniontown,  2  feet  thick,  is  about  235  feet  above  the  Pittsburg, 
while  midway  in  the  county  it  is  3  feet  thick,  with  a  streak  of  coal  at  the 
Waynesburg  horizon,  51  feet  higher.  North  from  the  railroad  and  12 
miles  from  the  Doddridge  line  a  coal  bed  is  at  215  feet  below  the  Wash- 
ington; 9  or  10  miles  southwest,  near  Harrisville,  this  bed  is  at  223 
feet  below  the  Washington,  but  at  Harrisville  no  trace  of  coal  is  recorded, 
though  the  bed  is  present  3  miles  south  from  that  village.  This  seems 
to  be  the  Uniontown,  though  it  is  about  260  feet  above  the  calculated 
place  of  the  Pittsburg.  All  coals  are  wanting  in  the  western  part  of  the 
county,  there  being  no  trace  in  any  record  of  any  below  the  Washington. 

Limestone  appears  to  be  wholly  wanting,  as  the  drillers  rarely  make 
mention  of  even  'limy  shale  ;^^  but  the  red  beds  appear  throughout  the 
section.  Tabulating  the  records,  one  finds  that  red  shale  occurs  in  some 
weU  or  other  at  every  foot  in  300  feet  above  the  place  of  the  Pittsburg 
coal  bed.  Such  shale  is  found  in  widely  separated  wells,  filling  part  to 
all  of  the  first  40  feet;  thicknesses  of  50,  45,  29,  35,  26  are  recorded 
between  28  and  100  feet;  between  100  and  165  feet  are  60,  50,  and  7 
feet  in  different  wells;  in  two  wells,  beds  of  60  and  31  begin  at  165  feet; 
in  three  wells  one  finds  beds  85, 110,  and  25  feet,  beginning  at  about  180. 
The  interval  180  to  290  feet  is  marked  by  thick  red  beds,  sometimes  a 
continuous  mass ;  at  others  divided  into  two  or  more ;  in  one  case  divided 
by  the  Uniontown  coal  bed.  The  highest  which  can  possibly  be  in 
the  Monongahela  is  at  308  feet,  10  feet  below  a  sandstone  which  may  be 
the  Waynesburg.  Two  -great  beds  are  on  the  west  side  of  the  county,  75 
and  100  feet  thick,  but  it  seems  hardly  possible  to  determine  their  rela- 
tions.* 

Wirt  coimty  is  southwest  from  Bitchie.  Very  little  information  is 
available  for  this  county.  The  Pittsburg  is  brought  to  the  surface  in 
the  Cowrun  anticline,  or  "Oil-break,**  and  a  section  by  the  late  Mr  Min- 
shall  obtained  near  Burning  Springs  shows : 

Feet    Inehei 

1.  Waynesburg  [Uniontown]  coal  bed 1        8 

2.  Concealed  and  shales 207  .0 

3.  Pittsburg  sandstone 30  0 

4.  Shale 10 

5.  Pittsburg  coal  bed 1  8 

•  I.  C.  White :  Vol.  i,  pp.  302,  303,  304,  305,  311,  813,  817 ;  vol.  la,  pp.  410,  426,  486^ 
439. 
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giving  a  total  of  250  feet.  It  is  evident  that  the  Waynesburg  coal  bed 
of  the  section  is  that  which  has  been  followed  across  the  region  as  the 
Uniontown.  A  record  on  the  east  side  of  the  county  reports  5  feet,  and 
one  on  the  west  side  3  feet  of  coal  at  the  Pittsburg  horizon ;  but  Doctor 
White  states  that  the  coal  is  frequently  absent.* 

Wood  county,  west  from  Pleasants,  Kitchie,  and  Wirt,  adjoins  Wash- 
ington and  Meigs  of  Ohio.  In  this  county  there  is  little  to  correlate; 
the  coal  beds  have  disappeared,  even  the  Washington,  the  persistent  bed 
of  the  Dunkard,  becomes  indefinite;  the  varjring  thickness  of  the  Lower 
Carboniferous  limestone  makes  it  impossible  to  use  either  the  Logan 
sandstone  or  the  Berea  grit  as  a  datum  except  within  the  narrowest  areas. 
At  Parkersburg,  on  the  Ohio,  the  presence  of  the  Brookville  coal  bed 
enables  one  to  fix  approximately  the  place  of  the  Pittsburg;  it  is  at  the 
top  of  a  mass  of  red  and  blue  shale,  not  far  below  a  sandstone  31  feet 
thick,  above  which  red  shale  seems  to  predominate.  The  most  notable 
feature  of  the  well  records  in  various  parts  of  the  county  is  the  great 
quantity  of  red  shale,  beginning  often  in  the  Conemaugh  and  continuing 
many  feet  up  into  the  Monongahela.  The  conditions  change  abruptly 
in  short  distances,  thick  reds  in  one  well  being  absent  in  another  and 
sometimes  replaced  by  sandstoneB.f 

Returning  to  the  east,  we  find  that  the  Pittsburg  coal  bed  has  been 
mined  in  Upshur  county  near  Buckhannon,  where  it  is  4  to  5  feet  thick, 
ajid  an  opening  near  the  line  of  Barbour  county  shows  it  6  feet  6  inches, 
with  a  very  thin  parting  almost  midway.  The  coal  in  the  upper  bench  is 
hard,  contains  much  semi-cannel,  and  leaves  a  bulky  red  ash ;  that  in  the 
lower  bench  is  tender,  with  thick  layers  of  brilliant,  structureless  coal, 
showing  no  lamination  and  with  conchoidal  fracture.  These  layers  are 
2  to  4  inches  thick  and  the  coal  from  the  whole  lower  portion  leaves  a 
white  ash.  The  roof  division  of  the  bed  seems  to  be  wanting  there.  In 
Lewis  county,  the  Pittsburg  is  from  4  to  8  feet  thick,  the  variation  being 
mostly  in  the  upper  bench.  The  same  distinction  in  character  of  the 
coal  is  shown  here,  and  so  marked  is  it  that  where  no  parting  exists  the 
limits  of  the  benches  are  well  marked.  Another  coal  bed  is  at  a  little 
distance  above  the  Pittsburg,  and  in  Lewis  coimty  the  Uniontown  is  275 
feet  above  the  Pittsburg  and  very  thin. 

The  Pittsburg  is  present  in  Braxton  county  south  from  Lewis,  but 
in  economic  quantity  only  on  the  western  or  Gilmer  side,  where  it  is 
from  5  to  6  feet  thick,  the  variation  being  in  the  upper  bench.  It  be- 
comes thin  toward  the  southeast  and  disappears  before  the  outcrop  has 


•  I.  C.  White :  Vol.  la,  pp.  467,  468. 

t  I.  C.  Wblte :  Vol.  i,  pp.  286,  286,  292,  203,  294,  295. 
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been  reached.  The  bed  persists  toward  the  southwest  to  the  boundary 
line,  though  sometimes  only  3  feet  thick.  In  the  extreme  southwest  it 
is  175  feet  below  a  massive  sandstone.  The  coal  is  present  in  separated 
patches  across  northwestern  Clay  and  southern  Boane  county,  varying 
from  2  to  4  feet.  It  underlies  a  sandstone  which  persists  southeast- 
wardly  and  is  present  at  Clay  courthouse,  though  the  coal  has  disap- 
peared. No  higher  coal  bed  is  reported  anywhere  within  Braxton,  Clay, 
Roane,  and  the  immediately  adjacent  part  of  Kanawha  county,  and  at 
the  border  of  the  last  county  the  Pittsburg  has  only  a  few  inches  of  very 
impure  coal.  Thence  it  is  wholly  wanting  for  about  10  miles,  but  reap- 
pears suddenly,  about  4  feet  thick,  at  the  head  of  Two-mile  creek,  where 
it  shows : 

Feet  Inches 

Roof  coal   0  6 

Clay  1  0 

Bony  coal 0  6 

Coal  3  0 

Bony  coal  0  1 

Coal 3  6 

But  its  occurrence  is  very  uncertain.  It  is  mined  within  some  small 
areas  near  Raymond  City  and  Winfield,  in  Putnam  county,  where  at 
times  it  becomes  thick  and  has  a  structure  like  that  observed  in  typical 
localities  at  the  north;  but  for  the  most  part  in  this  Kanawha  region 
it  is  wanting  and  coal  rarely  appears  above  it ;  so  that  one  recognizes  the 
force  of  Mr  M.  R.  Campbell's  statement,  that  no  line  can  be  drawn  be- 
tween Allegheny  and  Dunkard  for  the  Kanawha  area.  He  groups  the 
upper  Conemaugh,  Monongahela,  and  Dunkard  together  into  one,  which 
he  terms  the  Braxton  formation — a  succession  of  greenish  and  reddish 
shales  and  sandstones.  Doctor  White's  sections  show  an  abundance  of 
red  shale  in  200  feet  above  the  Pittsburg  horizon.  The  Pittsburg  coal 
bed  appears  to  be  practically  wanting  in  Cabell  county  west  from  Put- 
nam, but  is  caught  near  Central  City  and  Huntingdon,  where  it  is  more 
than  4  feet  thick.  A  petty  area  remains  in  Wayne  county  8  miles  south 
from  Central  City,  where  the  bed  is  3  feet  thick.  No  place  is  known 
in  Kentucky  where  the  section  is  high  enough  to  reach  this  coal.* 

In  Gilmer  county,  west  from  Lewis,  a  massive  pebbly  sandstone  very 
like  the  Waynesburg  overlies  the  Uniontown  coal  bed  and  is  apparently 
the  same  with  that  in  the  Sedalia  boring  and  along  the  Baltimore  and 
Ohio  railroad  in  Doddridge  county.    The  TJniontown  coal  bed  is  shown 

•  I.  C.  White :  Vol.  II,  pp.  144,  149,  162,  163,  181,  185,  186.  188,  190,  191. 
M.  R.  Campbell :  U.  S.  Oeol.  Rurvey  folios,  Huntingdon. 
J.  J.  Steyenson  :  Proc.  Am.  Pbll.  Soc.,  vol.  xly,  pp.  877,  878. 

YIII — Bull.  Gbol.  Soc.  Am.,  Vol.  18,  1906 
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under  it  quite  frequently  in  Gilmer  county,  where,  as  in  Lewis,  it  is 
known  as  the  Chestnut  Oak  coal.  Doctor  White  found  impure  lime- 
stones, 2  and  3  feet,  at  136  and  22  feet  above  the  Pittsburg,  the  higher 
bed  only  10  feet  below  the  great  sandstone.  Other  massive,  more  or 
less  pebbly  sandstones,  each  40  feet  thick,  are  at  55  and  147  feet  above 
the  Pittsburg  coal  bed.  That  bed  varies  greatly  in  Gilmer  county,  some- 
times double  and  7  feet  thick ;  at  others  with  only  the  lower  bench,  while 
in  a  large  part  of  the  county  it  is  wanting.  Red  shale  is  reported  from 
a  few  places  in  Gilmer;  there  is  much  of  it  at  the  southeast,  near  the 
Braxton  border,  and  a  well  at  the  northeast  near  the  Lewis  line  reports 
76  feet  at  176  feet  above  the  Pittsburg — a  deposit  widespread  in  other 
counties — ^while  on  the  western  border  88  feet  thickness  overlies  the  calcu- 
lated place  of  the  Pittsburg  coal.* 

Calhoun  county,  southwest  from  Gilmer  and  southeast  from  Wirt,  is 
east  from  Roane.  The  conditions  are  very  obscure  in  Calhoun  and  Roane 
and  one  may  draw  only  tentative  conclusions  from  the  records,  which 
prove  little  more  than  that  the  series  is  unbroken  by  any  physical 
boundary  from  the  Conemaugh  to  the  Dunkard.  One  Calhoim  record 
shows  a  thin  coal  bed,  not  far  from  the  place  of  the  Pittsburg,  underlying 
125  feet  of  red  shale,  on  which  rests  a  sandstone  50  feet,  but  another  gives 
only  60  feet  of  red  shale  in  two  beds  within  the  same  interval.  A  record 
in  northern  Roane  shows  apparently  the  same  sandstone  resting  on  15 
feet  of  red,  but  there  is  no  more  red  in  250  feet  below.  The  red  shales 
are  less  important  in  northern  Roane  than  in  Ritchie  and  Wood,  the 
greatest  thickness  being  84  feet  in  four  beds  within  225  feet  above  the 
presumed  Pittsburg  horizon.t 

Jackson  county,  west  from  Roane  and  Wirt,  is  south  from  Wood,  along 
the  Ohio  river.  In  the  southern  part,  near  Kenna,  10  miles  from  Sisson, 
north  from  Sissonville,  in  the  Kanawha  area  of  Pittsburg  coal,  a  detailed 
record  shows  no  coal  at  that  horizon;  but  it  may  be  that  the  horizon  is 
represented  by  24  feet  of  carbonaceous  shale  underlying  22  feet  of  sand- 
stone. Above  the  sandstone  for  316  feet  are  only  shales  holding  two  red 
beds,  92  and  58  feet,  at  84  and  240  feet  above  the  black  shale.  Twenty- 
two  miles  northwest  is  a  record  at  Ravenswood,  on  the  Ohio,  starting 
near  the  place  of  the  Washington  coal  bed.  The  Pittsburg  coal  bed  is 
here,  reported  5  feet  thick,  and  underlying  a  sandstone  of  53  feet.  Red 
shales  12,  8,  and  10  feet  are  at  73,  151,  and  186  feet  above  the  coal,  and 
above  the  highest  bed  there  is  evidently  a  sandstone,  though  it  is  not 

•  I.  C.  White :  Vol.  1.  p.  2r>7  ;  vol.  la,  p.  386 :  vol.  11,  pp.  142,  182,  186. 
t  I.  C.  White :  Vol.  I,  p.  264 ;  vol.  \a,  pp.  395,  396 ;  vol.  II,  pp.  398,  399. 
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differentiated.  At  Bavenswood  this  Bandstone,  coarse  and  pebbly,  is  in 
the  river  bed,  and  at  Murraysville,  10  miles  farther  up  the  river,  it  has 
a  thin  coal  bed  under  it.  This  sandstone,  which  passes  under  the  Ohio 
at  Blennerhassett  island,  4  miles  below  Parkersburg,  is  apparently  the 
same  with  a  sandstone,  15  feet,  in  the  Parkersburg  well,  28  miles  from 
Bavenswood,  and  it  apparently  becomes  unimportant  farther  north,  as 
there  seems  to  be  no  trace  of  it  at  Marietta,  Ohio.^ie 

In  Mason  county,  west  from  Jackson,  there  is  no  information  available 
except  along  the  Ohio  and  Great  Kanawha  rivers.  At  Letart  faUs,  12 
miles  west  from  Bavenswood,  the  sandstone  is  273  feet  above  the  Pitta- 
burg,  which  is  worthless,  its  carbonaceous  matter,  as  at  Kenna,  being  dis- 
tributed through  a  great  thickness  of  black  slate.  It  underlies  8  feet  of 
sandstone  on  which  rests  a  red  bed  115  feet  thick.  Other  red  beds  suc^ 
ceed,  but  they  are  not  differentiated  in  the  record,  until  at  213  is  another, 
60  feet  thick  and  extending  to  the  sandstone.  At  Antiquity,  6  miles  be- 
low Letart  falls,  the  sandstone  is  241  feet  above  the  Pittsburg,  with  the 
interval  mostly  concealed;  but  at  11  miles  another  section  shows  the  in- 
terval 250  feet,  with  several  beds  of  red  shale.  A  massive,  somewhat 
pebbly  sandstone,  70  feet  thick,  is  separated  from  the  Pittsburg  coal  bed 
by  15  feet  of  plant-bearing  shale.  Limestone  seems  to  be  wholly  want- 
ing, aside  from  some  nodules  at  193  feet. 

The  Pittsburg  coal  bed,  as  in  Ohio,  very  soon  becomes  unimportant 
below  Pomeroy,  and  at  Point  Pleasant,  near  the  mouth  of  the  Great 
Kanawha  river,  it  is  only  2  feet  thick  and  impure.  The  decrease  con- 
tinues southeastwardly,  for  a  boring  at  Arbuckle,  15  miles  from  the 
mouth  of  the  river,  shows  only  some  coaly  slate  at  its  horizon.  A  coal 
bed,  possibly  at  a  Sewickley  place,  is  89  feet  higher,  and  at  268  feet  is 
a  mass  of  coal  and  slate,  3  feet  thick,  underlying  a  massive  sandstone, 
which  may  be  the  Waynesburg.f 

The  Dunka^d  Formation 
correlation 

The  Dunkard  area  is  much  smaller  than  that  of  the  Monongahela, 
embracing  little  more  than  7,000  square  miles.  It  is  confined  to  Wash- 
ington and  Greene  counties  of  Pennsylvania,  the  western  central  counties 
of  West  Virginia  and  Belmont,  Noble,  Monroe,  Washington,  and  Meigs 
of  Ohio.     Small  outlying  areas  occur  in  other  counties,  but  they  are 

^  I.  C.  White :  Vol.  la,  p.  478.  Catalogue  of  West  Vir^nia  University,  1888-1884,  pp. 
88,   84. 

tl.  C.  White:  VoL  1,  p.  281;  vol.  11,  pp.  142,  143.  Catalogue  of  West  Virginia 
Unlrersity,  pp.  85,'  86,  87.    Bull.  U.  8.  Geol.  Surrey,  no.  66,  p.  64. 
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insignificant.  At  one  time  the  beds  of  this  formation  were  continuous 
eastward  to  beyond  the  AUeghenies,  as  fragments  remain  in  Maryland 
and  west  central  Pennsylvania.  The  extreme  thickness,  as  found  in  the 
southwest  comer  of  Pennsylvania  at  the  West  Virginia  line,  and  deter- 
mined by  oil-well  records,  is  a  little  less  than  1,200  feet.  The  thickness 
decreases  greatly  toward  the  north,  the  bottom  476  feet  becoming  about 
166  feet  at  the  most  northerly  exposure  and  the  succeeding  240  feet  is 
reduced  to  160  feet  at  its  northernmost  exposure,  nearly  80  miles  south 
from  that  of  the  lower  interval.  There  is  a  similar  decrease  in  a  north- 
westward direction,  and  toward  the  southwest  one  finds  the  bottom  700 
feet  of  the  thickest  area  reduced  to  barely  600  feet  in  Tyler  of  West 
Virginia,  36  miles  away.  Nothing  can  be  determined  respecting  con- 
ditions toward  the  east,  as  erosion  due  to  great  anticlines  prevents  com- 
parison with  the  fragments  east  from  the  Alleghenies  in  the  deep  basins 
of  Broad  Top  and  Maryland. 

In  the  original  description  of  this  formation  as  it  is  in  Pennsylvania, 
Stevenson  divided  it  into  the  Washington  County  and  the  Greene  County 
group,  placing  the  plane  on  top  of  the  Upper  Washington  limestone. 
Aside  from  the  convenience  of  a  division  in  a  column  of  such  length 
and  complexity,  one  must  recognize  in  the  physical  conditions  good  rea- 
sons for  this  separation.  These,  as  will  be  seen,  appear  only  in  part 
along  Dunkard  creek,  where  Doctor  White's  studies  led  him  afterwards 
to  group  the  whole  succession  into  one  formation,  the  Dunkard.  They 
are  best  showTi  farther  north,  in  central  Greene  county,  where  they  justify 
a  return  to  the  original  grouping  and  to  the  recognition  of  the  Washing- 
ton and  Greene  formations  as  of  equal  rank  with  the  Monongahela  and 
others  below. 

As  the  Dunkard  column  is  almost  as  long  as  the  total  of  Allegheny, 
Conemaugh,  and  Monongahela  in  the  northern  part  of  the  field,  the  char- 
acteristic deposits  are  numerous,  most  of  them  exhibiting  peculiarities 
deserving  of  notice.    In  ascending  order  they  are: 

Washington  formation: 
Gassvllle  shale. 
Waynesburg  sandstone. 
Waynesburg  A  coal  bed. 
Colvln   limestone. 
Waynesburg  B  coal  bed. 
Little  Washington  coal  bed. 
Washington  sandstone. 
Washington  coal  bed. 
Lower  Washington  limestone. 
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Washlng^ii  formation: 

Blacksville  limestone. 

Washington  A  coal  bed. 

Middle  Washington  limestone. 

Jollytown  coal  bed. 

Franklin  limestone. 

Canton  coal  bed. 

Upper  Washington  coal  bed. 
Greene  formation: 

Boyd  coal  bed. 

Ten-mile  limestone. 

Fursley  coal  bed. 

Rogersville  limestone. 

Jollytown  limestone. 

Dunkard  coal  bed. 

Fish  Creek  i^ndstone. 

Hostetter  coal  bed. 

Nineveh  limestone. 

Nineveh  coal  bed. 

Nineveh  sandstone. 

Limestone  XI. 

Limestone  XII. 

Baresville  coal  bed. 
-    Jackson  limestone. 

Gilmore  sandstone. 

Windy  Gap  coal  bed. 

Windy  Gap  limestone.* 

The  Caseville  shale  (I.  C.  White,  1891),  6  to  10  feet  thick  and  rest- 
ing directly  on  the  Waynesburg  coal  bed,  carries  an  important  flora  at 
many  places.  The  type  locality  is  in  Monongalia  county  of  West  Vir- 
ginia, where  were  obtained  the  plants  described  by  Fontaine  and  White. 
This  shale  was  removed  from  much  of  the  area  durii^  deposit  of  the 
overlying  Waynesburg  sandstone.  Limestone  is  persistent  in  it  within 
western  Washington  county  and  thence  across  Ohio  of  West  Virginia 
into  Belmont  of  Ohio,  but  it  is  wanting  in  eastern  Washington  as  well 
as  in  Greene  and  in  the  ^mall  areas  of  Fayette  and  Westmoreland. 

The  Waynesburg  sandstone  (J.  J.  Stevenson,  1872)  is  persistent 
around  the, borders  of  the  area.  In  Maryland,  Westmoreland,  Fayette, 
eastern  Washington,  and  Greene  of  Pennsylvania,  as  well  as  southward 
to  Harrison  oounty  of  West  Virginia,  it  is  a  sandstone,  usually  massive 

*  While  prepariag  tills  deBcription  the  writer  learned  that  not  air  of  the  original  note 
books  had  been  lost  in  t]ie  fire  which  destroyed  the  state  capltol  at  Harrisburg.  By 
nqaevt  of  Mean  A.  8.  MeCreath  and  B.  Y.  d'lnyllllers,  search  was  made  and  those 
eoTertng  Greene  and  Washington  countlto  were  disoovered.  By  means  of  these  it  has 
been  possible  to  remoye  some  misconceptions  due  to  incomplete  pnblications  of  sections 
and  to  correct  some  errors  of  correlation  due  to  rapid  preparation  of  the  report  on  that 
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and  often  to  some  extent  conglomerate.  In  the  interior  of  Washington 
county,  as  well  as  in  Allegheny  county,  it  is  apt  to  be  shaly,  but  in  the 
western  part  of  the  former  county  it  is  usually  massive.  Oil-well  records 
show  it  to  be  persistent  as  a  massive  sandstone  in  Greene  county  and  the 
northern  counties  of  West  Virginia,  often  70  feet  thick  and  sometimes 
continuous  downward  to  the  Uniontown  sandstone.  Farther  south  the 
conditions  are  irregular;  sandstone,  often  very  thin,  is  generally  present 
within  the  interval  in  Doddridge,  Ritchie,  and  Wood  coimties.  Farther 
south  a  sandstone  is  in  Putnam  county  at  about  240  feet  above  the  Pitts- 
burg. Though  the  tracing  is  not  complete,  enough  is  known  to  render 
most  probable  that  this  is  the  same  with  the  sandstone  of  Jackson  coimty 
and  of  Meigs  in  Ohio,  which  is  the  Waynesburg.  Along  this  southern 
border  the  rock  is  massive,  more  or  less  conglomerate,  with  white  quartz 
pebbles  often  an  inch  in  diameter.  In  Meigs,  Morgan,  and  Athens  of 
Ohio  it  is  the  upper  sandstone  and  conglomerate  mentioned  by  Professor 
Andrews.  Along  the  western  outcrop  it  is  insignificant  in  Muskingum, 
but  farther  north,  in  western  Belmont,  in  Harrison,  and  southern  Jeffer- 
son, it  is  a  well  marked  sandstone.  The  sandstone  of  this  interval  is 
insignificant  and  at  times  replaced  by  sandy  or  even  clayey  shale  within 
a  large  interior  area  embracing  Ohio,  western  Marshall  and  Wetzel, 
Tyler,  Pleasants,  and  Wood  county  of  West  Virginia  as  well  as  eastern 
Belmont,  Monroe,  and  most  of  Washington  coimty  of  Ohio. 

The  Waynesburg  A  coal  bed... Maryland  and  Pennsylvania:  Waynesburg  A 
J.  J.  Stevaison,  1876.  Ohio:  XII,  Washington.     West  Virginia: 

Waynesburg  A,  Washington. 

This  coal  bed,  just  above  the  sandstone,  is  rarely  more  than  3  feet 
thick,  usually  much  less  and  nowhere  of  even  local  importance.  It  \b 
apparently  absent  from  Allegheny  county,  but  it  was  seen  at  almost 
every  place  in  the  four  southwest  counties  of  Pennsylvania,  as  well  as 
in  the  northern  counties  of  West  Virginia.  In  Ohio  it  is  distinct  in 
Harrison,  Jefferson,  Belmont,  and  Monroe,  where  the  observations  are 
numerous,  and  it  has  been  reported  occasionally  in  Muskingum,  Noble, 
and  Washington,  where  recorded  observations  are  very  few.  The  geo- 
graphical extent  of  this  small  bed  is  even  more  remarkable  than  that  of 
the  Uniontown,  for  the  latter  is  of  real  value  in  a  few  areas,  whereas  this 
bed  is  always  too  thin  to  be  of  use.  It  differs  from  fhe  Uniontown  in 
that  it  is  almost  invariably  coal,  whereas  the  lower  bed  is  often  merely 
black  shale  for  long  distances. 

The  Waynesburg  B  coal  bed  (J.  J.  Stevenson,  1876)  is  equally  insig- 
nificant in  thickness  and  is  found  in  only  a  limited  area  within  south- 


DUNKARD   FORMATION  99 

west  Fayette,  eastern  Greene,  and  southern  Washington  of  Pennsylvania. 
Even  there  it  is  irregular,  being  absent  at  many  places  where  its  horizon 
is  fully  exposed.  The  Little  Washington  coal  bed  (J.  J.  Stevenson, 
1876)  has  much  the  same  distribution  as  that  of  Waynesburg  B,  but  the 
area  is  somewhat  smaller. 

A  limestone,  the  Mount  Morris  (I.  C.  White,  1891),  sometimes  imder- 
lies  the  Waynesburg  A  coal  bed,  but  it  seems  to  be  confined  to  small 
spaces.  The  typical  locality  is  in  southeastern  Greene,  but  limestone  is 
found  occasionally  at  this  level  in  West  Virginia  and  eastern  Ohio.  The 
Colvin  limestone  (I.  C.  White,  1891),  la  of  the  Pennsylvania  volume  K, 
is  just  above  the  coal  bed  and  is  present  in  Fayette  and  most  of  Wash- 
ington county.  It  was  seen  at  many  places  in  eastern  Greene,  but  is 
wanting  in  the  western  part  of  that  county  and  is  irregular  in  the  south- 
ern part.  It  attains  considerable  thickness  in  Washington,  but  is  usually 
thin  in  Greene.  It  barely  enters  West  Virginia  at  the  south.  Another 
limestone,  termed  I&  by  Stevenson,  is  apparently  confined  to  five  town- 
ships in  the  west  central  part  of  Washington  county,  where  it  attains  a 
maximum  thickness  of  10  feet.  These  limestones  are  all  either  non- 
fossiliferous  or  contain  at  most  some  indeterminate  forms  related  to 
freshwater  types.  The  rock  is  not  magnesian  in  any  case  and  sometimes 
the  lime  obtained  from  it  is  of  excellent  quality.  The  source  of  these 
calcareous  muds  is  imcertain. 

The  Washington  sandstone  (J.  J.  Stevenson,  1876),  underlying  the 
Washington  coal  bed,  is  curiously  persistent.  Barely  more  than  12  feet 
thick,  it  accompanies  the  Washington  coal  bed  throughout  Washington 
and  Greene  of  Pennsylvania,  Ohio  and  Monongalia  of  West  Virginia, 
everywhere  showing  the  same  features.  How  much  farther  it  extends 
is  not  known.  It  is  thinly  laminated,  often  crowded  with  fragments  of 
carbonized  vegetable  matter,  but  seldom  contains  a  leaflet  in  recognizable 
condition.  Very  often  it  is  seamed  vertically,  and  the  slender  seams  are 
filled  with  lead-colored  clay  belonging  to  an  underlying  bed.  These 
seams  have  no  relation  to  jointing  in  the  overlying  and  underlying  coal. 

The  interval  between  the  well  marked  Waynesburg  and  Washington 
coal  beds  shows  the  same  kind  of  variation  as  that  between  the  Waynes- 
burg and  Uniontown.  At  the  extreme  northern  exposure  of  the  Wash- 
ington in  Smith  and  Jefferson  townships  of  Washington  county,  Penn- 
sylvania, it  is  50  feet  above  the  Waynesburg.  As  one  goes  southwardly 
along  the  western  side  of  the  county  he  finds  the  interval  66,  83,  90,  95, 
110,  and  130  feet  at  the  southern  part  of  the  county,  beyond  which  in 
Greene  the  upper  bed  soon  passes  under.  In  a  southeastward  direction 
the  interval  becomes  66,  90,  110,  120,  125,  and  142  and  at  the  Greene 
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county  line  160  feet;  in  this  county  it  increases  to  180.  Westwardly, 
beginning  in  Donegal  township  of  Washington,  it  is  90,  near  Wheeling, 
96  to  100,  at  Bellair,  4  miles  south,  in  Belmont,  117,  while  in  western 
Belmont  it  is  100  feet,  which  seems  to  be  maintained  on  most  of  the 
western  outcrop.  The  Bellair  interval  seems  to  be  approximately  that 
for  a  considerable  distance  along  the  Ohio  river,  while  in  the  northern 
counties  of  West  Virginia  the  interval  is  from  160  to  170  feet.  It  is 
somewhat  less  by  the  time  one  reaches  the  central  part  of  the  state. 

The  Washington  coal  bed Maryland :        Washington.        Pennsylvania : 

J.  J.  Stevenson  and  Waynesbnrg,    Washington.      Ohio:    XIII, 

I.  G.  White,  1876.  Hobson,     Washington.       West     Virginia: 

Washington. 

This  coal  bed,  50  to  180  feet  above  the  Waynesburg  coal  bed,  has  been 
found  almost  invariably  wherever  its  horizon  is  reached  in  Maryland, 
Pennsylvania,  Ohio,  and  West  Virginia.  It  was  termed  Brownsville  by 
Doctor  White,  but  to  avoid  confusion  with  the  Pittsburg,  already  known 
as  the  Brownsville  in  much  of  western  Pennsylvania,  the  name  was 
changed  with  his  consent  to  Washington.  In  all  probability  it  is  the 
thick  coal  bed  near  the  top  of  Round  Knob  in  Broad  Top  and  it  is  clearly 
recognized  in  the  Maryland  area.  Its  distribution  in  West  Virginia 
toward  the  eastern  border  is  a  little  uncertain,  as  there  seems  to  be  no 
doubt  that  it  and  the  Uniontown  have  been  mistaken  each  for  the  other 
in  th'e  earlier  observations;  but  Doctor  White  has  made  clear  that  the 
bed  is  present  at  the  southeast'  almost  to  the  border  of  Clay  county,  while 
borings  show  it  across  the  state  to  the  Ohio,  where  from  Wheeling  to 
Pomeroy  it  is  rarely  missing;  and  in  Ohio  wherever  the  record  is  high 
enough  to  reach  this  bed  it  is  shown  in  Belmont,  Monroe,  Muskingum, 
Morgan,  Washington,  and  Meigs,  all  of  the  counties  in  which  its  horizon 
is  reached. 

The  bed  is  multiple  in  by  far  the  greater  part  of  the  area ;  even  at  the 
extreme  east,  in  Maryland,  it  is  triple,  and  of  its  3  feet  6  inches  1  foot 
is  in  the  clay  partings.  East  from  the  Monongahela  river,  in  Pennsyl- 
vania, it  is  rarely  more  than  4  or  5  feet,  but  one  opening  in  Westmore- 
land county  shows  9  feet  3  inches  in  five  benches,  of  which  the  lowest 
is  4  feet  2  inches,  while  another,  3  or  4  miles  away,  has  the  bed  in  eight 
benches  and  8  feet  10  inches  thick.  It  is  thin  in  Allegheny  county  and 
very  irregular  in  northwestern  Washington,  where  it  is  from  2  to  5  feet ; 
but  at  less  than  5  miles  south  it  is  a  great  bed,  showing  5  feet  of  coal  at 
one  opening,  on  which  rests  a  varying  alternation  of  coal  and  clay  2  to 
3  feet  thick ;  still  farther  south  one  finds  1  foot  3  inches  of  coal  under- 
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hing  a  great  mass  of  black  shale,  while  at  a  mile  away  t1\c  carbon  is 
gathered  into  four  benches  and  the  bed  is  6  feet  6  inches.  The  bed  is 
usually  thin  in  eastern  Washington  and  Greene,  but  along  the  same  area 
in  Marion  county  of  West  Virginia  it  thickens  and  one  section  shows 
10  feet  9  inches  in  14  layers  of  coal  and  clay.  Along  the  Baltimore  and 
Ohio  railway  it  is  exposed  frequently  in  Doddridge  and  Ritchie  counties, 
showing  the  same  complex  structure  observed  at  the  northern  exposures. 
Still  farther  south,  in  Calhoim  and  Eoane  counties,  it  is  thin,  rarely 
exceeding  2  feet  6  inches  and  containing,  as  so  often  at  the  north,  the  best 
coal  at  the  bottom.  Toward  the  west  it  becomes  thin,  being  only  1  foot 
3  inches  in  Ohio  of  West  Virginia  and  reported  in  Ohio  only  as  a  blossom. 

Almost  without  exception,  coal  from  the  Washington  is  inferior  to 
that  from  the  Waynesburg;  yet  it  is  mined  for  domestic  fuel  in  a  great 
area  within  the  middle  portion  of  the  great  trough,  where  the  lower  coals 
have  disappeared.  The  coal-making  conditions  extended  for  the  first 
time  over  practically  the  whole  area,  a  notable  change  in  geographical 
conditions. 

The  interval  between  the  Washington  coal  bed  and  the  Upper  Wash- 
ington limestone  contains  five  important  limestones  and  three  coal 
horizons. 

The  Lower  Washington  limestone  (J.  J.  Stevenson,  1876),  3  to  15 
feet  above  the  Washington  coal  bed,  has  been  recognized  in  Maryland, 
and  it  is  present  at  almost  all  places  in  Pennsylvania  where  its  horizon 
is  exposed^  Doctor  White  has  recognized  it  on  the  eastern  side  in  West 
Virginia  as  far  south  as  Tyler  and  northern  Harrison,  but  toward  the 
west  it  becomes  insignificant,  being  very  thin  along  the  Ohio  river  and 
apparently  wanting  in  most  of  Ohio.  It  is  thin  and  often  only  calcareous 
shale  in  most  of  eastern  Washington,  but  in  the  central  part  of  the 
county  it  is  from  15  to  33  feet  thick,  while  on  the  west  side  it  varies 
from  6  inches  to  20  feet,  these  measurements  being  separated  by  only 
half  a  mile.  In  Greene  county  it  rarely  exceeds  3  feet.  In  Ohio  county 
of  West  Virginia  it  is  20  feet  thick  at  a  few  miles  east  from  Wheeling, 
though  thin  at  that  city  and  apparently  wanting  4  miles  south  at  Bellair, 
Ohio.  It  usually  underlies  a  black  shale  rich  in  carbon  and  often  con- 
taining fish  remains. 

The  Blackville  limestone  (I.  C.  White,  1891),  III  of  volume  K,  at 
25  to  70  feet  above  the  Washington  coal  bed,  is  not  reported  from  any 
locality  east  from  the  Monongahela  river  except  in  Redstone  of  Fayette 
county,  Pennsylvania,  but  it  is  persistent  in  Allegheny,  Washington,  and 
Greene  counties.     It  is  not  more  than  3  or  4  feet  thick  at  the  most  north- 
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erly  expo^re'of  its  place  in  Allegheny  county,  but  it  quickly  increases 
^  oortllern  Washington  to  10  and  to  30  feet.     Unlike  the  Lower  Wash- 
.. '//.ifagtOn,  this  deposit  is  insignificant  in  the  central  part  of  Washington 
•    '•:'•/• 'county,  where  it  is  represented  only  by  thin  streaks ;  but  it  becomes  better 
\  ;•*'         characterized  in  the  southern  part,  where,  as  in  Greene  county,  it  is  3  to 
•  4  feet  thick.     It  disappears  quickly  west  and  south  from  the  Pennsyl- 

vania line  and  it  cannot  be  recognized  certainly  in  any  of  the  sections. 
It  may  be  represented  by  one  of  the  red  beds.  A  black  shale  overlies 
this  limestone  at  many  places,  and  at  times  is  rich  in  well  preserved  re- 
mains of  fish.  The  Blacksville  limestone  was  mistaken  for  the  Middle 
Washington  at  several  places  in  Allegheny  and  northern  Westmoreland. 

The  Middle  Washington  limestone  (J.  J.  Stevenson,  1876),  numbered 
IV  in  volimie  K  of  the  Pennsylvania  reports,  is  not  exposed  in  Pennsyl- 
vania east  from  the  Monongahela  river,  where  in  all  probability  it  is 
wanting.  A  limestone  in  Maryland  has  been  correlated  with  this.  The 
Middle  Washington  is  present  in  most  of  Washington  county,  where  its 
variations  are  very  like  those  of  the  Blacksville,  but  its  thickness  is 
greater  in  a  larger  area ;  it  practically  disappears  soon  after  passing  into 
Greene  county,  and  farther  south  it  has  been  recognized  only  near  the 
West  Virginia  border.  There  it  is  extremely  sandy  and  weathers  like 
sandstone;  but  it  may  be  present  in  this  condition  elsewhere  in  the 
county.  Unlike  the  Blacksville,  this  is  always  impure  and  often  fer- 
ruginous. 

The  Franklin  limestone  (V  of  Stevenson,  1876)  is  exceedingly  char- 
acteristic in  Greene  county,  where  it  is  coarsely  brecciated  and  very  hard, 
resisting  the  weather.  It  was  mistaken  by  Stevenson  for  the  Upper 
Washington  in  northwest  part  of  the  county  where  the  higher  limestone 
is  very  thin.  This  limestone,  rarely  more  than  3  feet  thick  and  often 
much  less,  is  from  20  to  36  feet  below  the  Upper  Washington  in  Greene, 
where  it  is  present  at  all  localities  exposing  its  place;  it  is  present  in  the 
western  townships  of  Washington  at  about  30  feet  below  the  Upper 
Washington  and  its  thickness  exceeds  2  feet  only  twice.  It  was  not  seen 
in  place  in  the  central  or  eastern  parts  of  the  county,  but  its  characteristic 
fragments  were  found  in  Franklin  and  Amwell  townships  very  close  to 
its  proper  position.  It  seems  to  be  absent  west  from  these  Pennsylvania 
counties  and  Doctor  White  does  not  report  it  from  West  Virginia  at  the 
south. 

The  Upper  Washington  limestone  (J.  J.  Stevenson,  1876),  numbered 
VT,  is  the  most  persistent  and  in  many  respects  the  most  striking  member 
of  this  group.     Its  northernmost  exposure  is  in  northwest  Washington 
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county,  and  thence  southward  it  appears  in  every  section,  exposing  its 
place  in  Pennsylvania  until  very  near  the  West  Virginia  line.  A  lime- 
etone  in  Maryland  has  been  correlated  with  this  bed ;  the  interval  to  the 
Washington  coal  bed,  192  feet,  seems  excessive,  in  view  of  changes  in 
lower  intervals  in  that  direction,  but  no  comparison  can  be  made  directly, 
as  a  gap  of  about  70  miles  separates  exposures.  This  limestone  disap- 
pears southwardly  very  soon  after  entering  West  Virginia,  and  it  cannot 
be  recognized  with  any  certainty  in  any  of  the  long  sections  along  the 
Ohio  river  south  from  Moundsville,  West  Virginia,  where  it  is  244  feet 
above  the  Washington  coal  bed.  In  some  of  those  sections,  however,  a 
red  bed,  with  limestone  nodules,  is  very  near  the  place  of  this  limestone. 

The  Upper  Washington  is  flesh-colored,  blue,  and  dark  gray  in  its 
several  portions,  but  all  alike  weather  to  an  almost  snowy  white  faintly 
tinged  with  blue ;  much  of  it  is  very  pure  and  several  of  its  layers  waste 
very  slowly  on  exposure.  These  features  make  the  bed  an  unmistakable 
stratigraphical  guide  from  its  most  northerly  exposure  to  beyond  central 
Greene  county,  as  well  as  in  the  portions  of  Payette  county  in  which  its 
place  is  reached.  At  the  extreme  north  the  bed  is  thin,  but  thickens 
southwardly  to  central  Washington,  where  it  is  a  mass  of  limestone  and 
calcareous  shale  20  to  30  feet  thick.  Along  the  southern  border  of  the 
county  it  is  8  to  12  feet,  and  in  Greene  county,  where  the  middle  or  dark 
portion  has  disappeared,  it  seldom  exceeds  3  feet. 

The  coal  beds  in  this  interval  are  unimportant. 

The  Washington  A  coal  bed  (J.  J.  Stevenson,  1876),  between  the 
BlacksviUe  and  Middle  Washington  limestones,  was  supposed  at  the  time 
it  was  described  to  be  confined  to  thretf  townships  of  southeast  Greene 
county.  There  it  is  an  alternation  of  coal  and  shale  3  to  4  feet  thick 
and  possessing  no  value.  It  is  a  fairly  well  marked  horizon  elsewhere, 
showing  black  shale  at  many  places  in  eastern  Greene  and  coal  in  two 
townships  on  the  west  side  of  the  county,  the  only  ones  exposing  its  place. 
Occasionally  one  finds  a  coal  streak  in  Washington  county  at  varying 
distances  below  the  Middle  Washington  limestone  which  may  or  may  not 
be  contemporaneous  in  pari;  with  the  deposit  of  Greene  county. 

The  Jollytown  coal  bed  (I.  C.  White,  manuscript,  1875;  J.  J.  Steven- 
son, 1876),  named  from  a  village  in  southwest  Greene  county  of  Penn- 
ejlvania,  is  25  to  40  feet  below  the  Franklin  (V)  limestone  in  eastern 
and  southern  Greene,  but  is  irregular  in  the  northwest  part  of  the  county, 
where  its  place  is  reached  again.  It  is  distinctly  present  in  Amwell 
and  Franklin  townships  of  Washington,  into  which  it  was  traced  from 
Oreene  county,  and  a  blossom  or  thin  coal  marking  this  horizon  was  seen 


104      J.  J.  8TBVBN80N CARBONIFEROUS   OF   APPALACHIAN    BASIN 

in  several  other  townships.  Failure  to  recognize  the  Franklin  limestone 
in  this  county  led  Stevenson  to  confound  the  Canton  horizon  with  this 
'  at  a  number  of  localities.  The  bed  is  present  in  Fayette  county  oi 
Pennsylvania,  but  it  is  not  the  JoUytown  coal  of  Maryland,  which  is 
higher  in  the  column.  Some  confusion  has  existed  respecting  the  proper 
application  of  this  name,  due  to  omission  of  part  of  the  section  at  Jolly- 
town,  so  that  in  reading  the  text  as  published*  one  might  easily  imagine 
that  Limestone  V  and  Limestone  IX  of  two  sections  there  given  may  be 
the  same;  but  the  full  measurements  taken  from  the  original  notes  as 
given  on  a  succeeding  page  make  the  matter  wholly  clear.  This  coal 
bed  is  always  thin,  seldom  even  2  feet  thick,  but  it  is  apparently  con- 
tinuous under  an  area  of  several  hundreds  of  square  miles,  as  it  is  never 
absent  where  its  place  is  exposed.  It  is  certainly  continuous  southward 
into  Monongalia  and  Wetzel  of  West  Virginia,  but  it  is  absont  from  the 
published  sections  within  Marshall  of  that  state.  There  are  two  thin 
coal  beds  in  southwest  Greene  within  a  vertical  space  of  55  feet,  the  Jolly- 
town  at  about  50  feet  below  the  Upper  Washington  limestone  and  the 
Boyd  just  above  that  limestone.  The  disappearance  of  the  limestones 
makes  it  difficult  to  determine  which  of  these  beds  persists.  In  the  suc- 
ceeding pages  a  bed  at  Bellair,  Ohio,  is  taken  to  be  the  Jollytown ;  it  is 
183  feet  above  the  Washington  coal  bed.  At  Moundsville  the  TTpper 
Washington  limestone  is  244  feet  above  that  coal  bed,  and  at  Bellair  the 
interval  should  not  be  more  than  210  feet.  Evidently  the  same  bed  is  at 
Baresville,  in  Monroe  county  of  Ohio,  and  Liberty,  in  Washington  countv. 
at  149  and  140  feet  above  the  Washington.  Oil-well  records  give  in- 
formation  respecting  the  distribution  of  the  bed  in  the  deeper  parts  of 
West  Virginia,  and  its  place  is  concealed  in  Doctor  White's  sections  along 
the  Ohio  river. 

The  Canton  coal  bed  is  wholly  insignificant  and  without  interest  except 
in  respect  to  its  distribution.  It  is  confined  to  Washington  county  of 
Pennsylvania,  where,  in  the  central  and  western  parts,  one  usually  find? 
a  thin  streak  of  coal  at  12  to  30  feet  below  the  Upper  Washington  lime- 
stone. The  thickness  is  usually  less  than  1  foot  and  the  bed  disappear? 
westwardly  in  the  West  Virginia  panhandle  at  little  more  than  a  mile 
from  the  state  line.     No  trace  of  this  deposit  was  seen  in  Greene- county. 

The  variations  in  the  interval  between  the  Washington  coal  bed  and 
the  Upper  Washington  limestone  resemble  those  observed  in  the  interval 
below.  The  numerous  elements  of  the  section  make  the  tracing  com- 
paratively simple.     x\t  the  extreme  northern  exposure  of  the  whole  in- 

*  Pennsylvania  reports,  vol.  K,  p.   111. 
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teiral,  in  Smith  township  of  Washington^  the  beds  are  110  feet  apart. 
Along  the  west  side  of  the  county  this  increases  to  140,  150,  and  160  at 
the  Greene  county  line;  but  thence  the  increase  is  more  rapid,  so  that 
in  southeastern  Sichhill  township  of  Greene  it  is  240,  and  at  a  little 
southwest  in  Aleppo  it  is  308  feet ;  the  same  interval  is  found  in  Marshall 
county  of  West  Virginia,  7  or  8  miles  farther  southwest.  One  finds  the 
increase  in  a  southeasterly  direction,  110, 135, 140,  and  as  one  approaches 
the  Greene  county  line,  in  AmweU  of  Washington,  180  to  190  feet 
Where  the  beds  are.  reached  again,  in  Franklin  of  Greene,  the  measure- 
ment is  270,  and  in  Perry,  near  the  West  Virginia  line  at  the  south,  it  is 
about  300  feet.  Westwardly,  in  Ohio  county  of  West  Virginia,  the  inter- 
val is  140,  and  in  the  adjacent  part  of  Washington  county  it  increases 
south  of  west  in  15  miles  to  244  feet  at  Moundsville,  and  in  23  miles 
southward  to  308  feet  at  Belton.  What  the  conditions  are  beyond  one 
may  not  assert  positively,  but  if  one  may  decide  from  the  relations  of  the 
Jollvtown  coal  bed,  the  interval  decreases  notably  toward  the  southwest. 

The  variations  in  character  of  the  rocks  in  this  interval  is  important. 
The  limestones  are  the  chief  features  of  the  section  in  Washington 
ct»unty,  especially  in  the  central  portion  of  the  county;  in  all  directions 
they  become  thin,  so  that  in  Marshall  of  West  Virginia  at  the  west  all 
have  disappeared  except  the  Upper  Washington ;  in  Fayette,  all  are  thin ; 
Kvjthward,  in  West  Virginia,  all  disappear  quickly  except  the  Lower 
Washington.  Massive  sandstone  is  rare  in  Washington  and  Greene, 
tii'iugh  occasionally  one  finds  in  those  counties  as  well  as  in  Fayette  a 
massive  rock  underneath  the  Upper  Washington.  Other  sandstones  be- 
come noteworthy  farther  south  until  in  Washington  county  of  Ohio  and 
the  adjacent  counties  of  West  Virginia  one  finds  the  great  sandstones 
G  larried  for  grindstones  and  termed  by  I.  C.  White  the  Marietta  sand- 
stones (1903).  He  has  found  these  beds  more  or  less  prominent  in  the 
gouthem  part  of  the  Dunkard  area  within  West  Virginia, 

The  next  characteristic  interval,  that  between  the  Upper  Washington 
and  Xineveh  limestones,  is  followed  with  great  ease  within  Pennsylvania. 
The  Xineveh  limestone,  at  the  top,  is  25  to  35  feet  below  the  Nineveh 
coal  bed,  which  underlies  the  massive  Xineveh  sandstone.  The  massive 
rock  above  has  protected  the  underlying  beds  in  the  most  important 
localities,  so  that  there  is  little  danger  of  error  in  identification  of  the 
Xineveh  limestone.  The  lower  limiting  bed,  the  Upper  Washington 
limestone,  is  equally  well  defined,  not  only  by  its  associated  beds,  but  also 
bv  its  peculiar  features. 

The  Ten-mile  limestone,  VII  of  volume  K,  is  a  persistent  bed  about 
14  feet  above  the  Upper  Washington  in  central  Washington  county ;  but 
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the  interval  increases  southwardly  to  20,  30,  and  in  central  Greene  county 
to  40  feet.  The  increase  is  less  rapid  southwestwardly,  for  it  is  only 
27  feet  in  Bichhill  of  northwest  Greene.  The  place  of  this  limestone  is 
not  reached  north  from  the  borough  of  Washington.  It  is  thick  in 
Washington,  but  in  Greene  it  is  rarely  more  than  3  feet,  is  usually  earthy, 
and  it  disappears  toward  the  southwest.  The  Bogersville  limestone, 
VIII  of  volume  K,  must  be  regarded  as  confined  to  central  Greene 
county,  where  it  is  19  to  35  feet  above  the  Ten-mile.  Where  last  seen 
before  passing  under  the  higher  beds,  it  is  earthy,  so  that  one  is  not  sur- 
prised to  find  no  traces  of  it  in  western  Greene.  A  limestone  is  reported 
occasionally  in  five  townships  of  Washington  county  at  65  to  80  feet 
above  the  Upper  Washington,  the  place  of  the  Bogersville.  There  are 
evidently  many  limestone  lenses  at  this  horizon. 

The  Jollytown  limestone  (I.  C.  White,  1891),  IXa  of  volume  K,  is 
a  persistent  deposit  in  a  small  area.  It  seems  to  be  continuous  in  western 
Greene  and  the  adjacent  part  of  West  Virginia  and  it  may  be  present  in 
the  extreme  southwest  comer  of  Washington  coimty.  Its  place  is  con- 
cealed at  all  localities  examined  in  Franklin,  a  central  township  of 
Greene,  but  the  Bogersville  is  persistent  there,  as  also  farther  east  in 
Jefferson  where  a  limestone  is  present  at  the  proper  distance  above  the 
Bogersville,  as  measured  in  Center  township.  This  bed  was  seen  in 
Perry  township  9  miles  south.  The  evidence  is  rather  in  favor  of  re- 
garding this  limestone,  which  Stevenson  took  to  be  the  Nineveh,  as  at 
the  Jollytown  horizon.  The  interval  from  the  Jollytown  to  the  Upper 
Washington  limestone  decreases  southwardly,  in  12  miles,  from  140  feet 
in  Center  township  to  29  feet  at  Jollytown,  on  the  West  Virginia  line; 
and  this  small  interval  prevails  along  the  southern  line,  for  near  Belton 
and  Board  Tree,  in  Marshall  of  West  Virginia,  it  is  shown  by  Doctor 
White's  sections  to  be  only  30  feet.  The  maximum  is  in  Center,  for  west- 
ward in  Aleppo  the  measurement  gives  only  115  feet,  while  northwardly 
it  decreases  rapidly. 

The  Nineveh  limestone  (I.  C.  White,  1891),  X  of  volume  K,  is  25  to 
35  feet  below  the  Nineveh  coal  bed  which  underlies  the  Nineveh  sand- 
stone. It  remains  in  several  townships  along  the  southern  line  of  Wash- 
ington county,  the  most  northerly  point  at  which  it  has  been  recognized 
with  certainty  being  about  30  miles  south  from  the  extreme  northern 
outcrop  of  the  Upper  Washington.  It  was  seen  at  every  place  in  Wash- 
ington and  Greene  exposing  its  place.  It  is  equally  well  marked  in  West 
Virginia,  where  Doctor  White  has  recognized  it  in  almost  every  county, 
reaching  its  place  as  far  south  as  Jackson  county,  beyond  the  Little 
Kanawha  river.    It  is  evidently  the  high  limestone  of  Professor  Andrews's 
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long  sections  in  Monroe  county  of  Ohio.  The  remarkable  persistence  of 
this  limestone  bed^  so  much  in  contrast  with  the  limited  extent  of  all 
other  beds  below^  makes  it  not  improbable  that  it  may  be  that  in  the 
Maryland  area  which  Doctor  Martin  has  correlated  with  t}ie  Jollytown. 
The  interval  there  is  238  feet  above  the  Washington  coal  bed.  The  lime- 
stone in.  Pennsylvania  and  West  Virginia  is  almost  unmistakable,  the 
color  being  a  peculiar  blue  and  the  associated  shales,  black.  It  is  often 
thin,  but  increases  southwardly,  so  that  beyond  the  Pennsylvania  line  it 
has  sometimes  10  or  15  feet  of  limestone  and  calcareous  shale,  and  at 
almost  the  last  exposure  in  Jackson  county  at  the  south  the  mass  is  almost 
30  feet. 

The  coal  horizons  are  unimportant. 

The  Boyd  coal  bed  refers  not  to  a  bed,  but  to  a  horizon.  In  the  in- 
terval between  the  Upper  Washington  and  Ten-mile  limestones  one  finds 
oftentimes  a  coal  streak,  now  almost  on  the  lower  limestone,  again  almost 
directly  under  the  upper,  and  occasionally  almost  midway,  the  last  con- 
dition being  in  localities  where  the  interval  between  the  limestone  is 
greatest.  The  deposits  can  hardly  be  contemporaneous,  but  the  interval 
is  a  small  one  and  they  may  overlap  in  time.  The  name  is  taken  from 
Boyd  run,  in  Greene,  the  only  place  at  which  the  coal  is  of  workable 
thickness.  A  coal  at  this  horizon  is  in  West  Virginia  just  south  from  the 
state  line,  where  it  rests  on  the  TTpper  Washington.  The  term  Pursley 
coal  bed  is  used  in  the  same  way,  to  designate  a  coal  horizon  between 
Ten-mile  and  Rogersville  limestones,  an  interval  in  which  isolated  de- 
posits of  coal  occur  at  numerous  localities. 

The  Dunkard  coal  bed  (J.  J.  Stevenson,  1876),  a  thin  but  very  per- 
sistent bed  in  western  Qreene,  is  absent  from  Washington  and  it  was  not 
recognized  in  the  northern  border  of  Qreene  county.  It  is  not  present 
in  eastern  Qreene.  The  bed  is  rarely  more  than  2  feet  thick,  but  is 
double  and,  like  some  of  the  lower  beds,  is  associated  with  a  plant- 
bearing  shale.  Though  very  thin,  it  is  of  much  local  importance,  as  it 
yields  good  coal.  In  the  southwest  corner  of  Qreene,  it  is  about  125 
feet  above  the  Jollytown  coal.  A  trace  of  coal  found  by  Doctor  White 
on  the  Ohio  river,  in  Tyler  county,  at  about  100  feet  above  the  bed  al- 
ready taken  as  the  Jollytown,  may  be  at  the  Dunkard  horizon.  Another 
coal  bed,  apparently  that  termed  the  Hostetter  by  Doctor  White  (1891), 
is  in  the  interval  between  the  Dunkard  coal  and  Nineveh  limestone,  at 
about  40  feet  below  the  latter.  It  is  present  in  Springhill,  Aleppo,  Eich- 
hill,  and  Morris  townships  of  Qreene.  A  coal  in  this  interval  is  shown 
in  Wetzel  of  West  Virginia. 
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The  Fish  Creek  sandstone  (J.  J.  Stevenson,  1876)  is  present  at  most 
localities  just  above  the  Dunkard  coal  bed.  Sometimes  it  fills  the  whole 
interval  to  the  Nineveh  limestone.  It  differs  from  most  of  the  Dunkard 
sandstones,  in  that  it  is  well  cemented  and  answers  well  for  building 
stone.  This  is  a  characteristic  feature  for  many  miles  southward  in  West 
Virginia. 

The  variations  in  the  interval  between  the  Upper  Washington  and 
Nineveh  limestones  deserve  especial  consideration.  As  has  been  re- 
marked, the  limiting  beds  are  traceable  with  the  utmost  ease,  and  the 
connecting  lines  as  well  as  the  measurements  are  so  numerous  as  to  leave 
no  room  for  doubt  respecting  the  relations  in  by  far  the  greater  part  of 
the  area. 

At  the  southwest  comer  of  Washington  county,  Pennsylvania,  these 
limestones  are  150  feet  apart ;  5  or  6  miles  east  the  interval  is  180,  decreas- 
ing to  about  160  in  3  or  4  miles  farther.  If  the  highest  limestone  in 
Franklin  of  Washington,  5  miles  northeast  from  the  last,  be  the  Nineveh, 
as  supposed,  the  interval  there  is  but  150  feet.  In  the  northern  town- 
ships of  Greene  this  interval,  150  feet  near  the  West  Virginia  line, 
increases  gradually  to  about  180  at  the  most  easterly  measurement,  say 
15  miles  away.  These  measurements  are  barometric,  but  they  are 
checked  by  a  well  record  near  Nineveh,  12  miles  east  from  the  West  Vir- 
ginia line,  where  the  Nineveh  coal  bed  is  488  feet  above  the  Waynesburg, 
making  the  distance  from  the  Nineveh  limestone  about  450 ;  so  that  the 
interval  under  consideration  cannot  be  more  than  150  feet.  A  high 
ridge  crosses  Greene  county  in  a  south-southwesterly  direction  from  near 
Nineveh.  Following  the  east  side  of  this  ridge  from  Nineveh  into 
Center  township,  one  finds  a  remarkable  increase  within  5  miles,  for  the 
measurement  is 

Nineveh   limestone. 

Interval    120. 

Dunkard  coal  bed 2 

Interval    35 

Jollytown  limestone   7 

Interval    135 

Upper  Washington  limestone. 

practically  300  feet,  and  showing  the  Pursley  coal  bed,  Rogersville  and 
Jollytown  limestones,  and  the  Dunkard  coal  bed,  all  of  which  seem  to 
be  wanting  in  the  Nineveh  region.  On  the  other  side  of  this  ridge,  5  or 
6  miles  northwest,  the  interval  is  little  more  than  150  feet,  with  these 
beds  wanting;  but  westward,  in  Jackson  township,  the  Dunkard  and 
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JoUytown  are  present,  and  still  farther  west  Doctor  White's  Aleppo  sec- 
tion shows  the  succession  completely  and  the  interval  is  313  feet.  But 
southwardly  the  decrease  is  rapid,  for  in  southern  Center,  a  direct 
measurement  gives  only  262  feet,  and  at  a  few  miles  farther,  near  the 
West  Virginia  line,  it  is  only  208.  At  Belton,  in  Marshall  of  West 
Virginia,  about  10  miles  west  from  the  last,  the  interval  is  238.  East- 
ward the  Nineveh  limestone  is  exposed  in  no  section  south  from  the 
northern  tier  of  townships,  but  the  JoUytown  limestone  seems  to  persist 
and  the  interval  to  it  from  the  Upper  Washington  is  145  feet  at,  say,  15 
miles  east  from  the  Center  measurement  and  the  general  conditions  are 
apparently  as  in  Center;  but  in  the  southeastern  part  of  the  county  the 
interval  between  these  limestones  is  less  than  100  feet,  showing  a  decrease 
in  that  direction. 

No  detailed  sections  are  available  in  West  Virginia  until  the  Ohio 
river  is  reached,  where  are  the  long  sections  by  Professor  Andrews  and 
Doctor  White,  which  show  the  Nineveh  limestone  368  to  380  feet  above 
the  Washington  coal  bed.  That  interval  at  Belton,  in  Marshall  county, 
is  651  feet.  Using  the  JoUytown  coal  bed  for  comparison,  the  interval 
from  the  Upper  Washington  to  the  Nineveh  is  about  200  feet  at  New 
Martinsburg,  in  Wetzel  county,  and  apparently  the  same  in  Tyler  county, 
showing  very  gradual  change  in  40  miles  southwestwardly. 

The  changes  are  particularly  in  the  lower  half  of  the  interval  and 
differ  materially  from  those  of  the  preceding  intervals.  That  portion 
lying  between  the  Pish  Creek  sandstone  and  the  Ten-mile  limestone  ap- 
pears very  abruptly  as  one  approaches  central  Greene  from  the  north ;  its 
greatest  thickness  is  in  a  narrow  east  and  west  strip  across  the  central 
part  of  the  county.  Southwardly  almost  the  whole  interval  between  the 
Upper  Washington  and  the  JoUytown  limestones  disappears,  and  ap- 
parently it  is  almost  wholly  unrepresented  southwestwardly  in  West  Vir- 
ginia. The  contrast  in  conditions  is  almost  as  great  as  that  between  the 
Conemaugh  and  Monongahela. 

The  remaining  beds  of  the  Drmkard  require  only  a  brief  reference,  as 
the  area  in  which  they  have  been  recognized  in  detail  is  very  smaU. 

The  Nineveh  coal  bed  (J.  J.  Stevenson,  1876)  is  double,  seldom  ex- 
ceeds 2  feet,  but,  like  the  Dunkard,  yields  puch  good  coal  that  it  is  mined 
by  stripping  and  possesses  not  a  Uttle  of  local  importance.  It  is  per- 
sistent in  southern  Washington  and  Greene  and  in  West  Virginia  to  many 
miles  beyond  the  state  line.  It  underlies  the  Nineveh  sandstone  (I.  C. 
White,  1891),  which  is  persistent  for  at  least  30  miles  southwestward  in 
West  Virginia.  This  is  a  massive  rock,  very  similar  to  the  Fish  Greek 
sandstone,  overlying  the  Dunkard  coal  bed. 

IX — Bull.  Oeol.  Soc.  Am.,  Vol.  18.  1006 
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On  the  high  ridge  of  central  Greene  there  are  several  limestones  which 
Stevenson  designated  by  numbers.  XI  and  XII  are^  in  round  numbers^ 
at  80  and  160  feet  above  the  Nineveh  limestone  and  are  persistent  in  the 
five  townships  of  Greene  county  in  which  their  place  is  exposed;  they 
are  concealed  in  the  southwest  townships  of  Greene  and  in  the  adjacent 
part  of  West  Virginia.  XI  is  always  thin,  but  XII  is  from  8  to  15  feet 
thick  and  appears  to  be  associated  with  much  chert  in  Morris  township  of 
Washington  county.  This  was  not  seen  in  place,  but  it  is  above  XI  on 
a  hill  which  reaches  almost  to  XII.  A  thin  limestone  at  30  feet  higher 
underlies  a  coal  blossom  which  is  at  the  place  of  the  highest  coal  in  Pro- 
fessor Andrews's  Baresville  section,  150  feet  above  the  Nineveh  limestone, 
and  the  name  has  been  assigned  to  it  for  that  reason.  Two  higher  lime- 
stones are  present  on  this  ridge,  of  which  the  upper  is  276  feet  above  the 
Nineveh  coal  bed  and  about  30  feet  below  the  Gilmore  sandstone.  It  is 
exposed  only  in  Center  and  Jackson  townships  of  Greene,  but  it  was 
found  in  a  well  in  Gilmore  township.  It  is  evidently  the  limestone 
found  in  Wetzel  township  at  about  100  feet  below  the  Windy  Gap  lime- 
stone. This,  which  may  be  termed  the  Jackson  limestone,  seems  to  be 
clearly  persistent  along  a  line  of  more  than  30  miles,  beyond  which  in- 
formation is  lacking.  It  is  a  tough,  impure  rock  containing  some 
crystalline  sphalerite  and  is  associated  with  plant-bearing  shales  in  Jack- 
son township  near  White  Cottage. 

The  Gilmore  sandstone  (J.  J.  Stevenson,  1876),  30  feet  thick,  caps 
the  high  knobs  of  southwest  Greene,  and  it  has  been  followed  along  the 
middle  line  of  the  trough  for  40  or  50  miles  by  Doctor  White.  It  is  soft, 
somewhat  incoherent,  and  is  apt  to  weather  into  large  cavities.  At  30 
feet  higher  is  a  black  shale,  which  occasionally  carries  some  coal,  and 
Doctor  White  has  called  it  the  Windy  Gap  coal  bed  (1891).  The  Windy 
Gap  limestone  (I.  C.  White,  1891),  30  feet  above  the  coal  bed,  is  on  two 
or  three  knobs  within  Greene  county  and  in  Monongahela  and  Wetzel 
to  10  miles  south  from  the  Pennsylvania  line.  It  is  a  rather  pure  lime- 
stone and,  like  the  Jackson,  contains  some  sphalerite.  The  formation  is 
capped  by  a  massive  sandstone  seen  occasionally  in  Marshall  and  Wetzel 
counties  of  West  Virginia  the  highest  stratum  of  the  Paleozoic  in  the 
Appalachian  basin. 

Eed  shales  in  the  interval  between  the  Waynesburg  and  Washington 
coal  beds  find  their  chief  development  in  what  may  be  termed  the  *'red 
area"  of  West  Virginia  and  Ohio.  The  individual  beds  within  Wood, 
Jackson,  and  Mason  of  West  Virginia  and  Meigs  of  Ohio  are  from  25 
to  100  feet  thick.  In  Tyler,  Doddridge,  Eitchie,  Wirt,  and  Calhoun  of 
West  Virginia,  east  Washington  and  east  Monroe  of  Ohio,  a  bed  is  very 
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often  found  within  50  and  another  at  about  100  feet  below  the  Washing- 
ton; a  bed  near  the  Waynesburg  A  is  in  Muskingum  of  Ohio  and  Harri- 
son of  West  Virginia;  but  reds  are  unknown  elsewhere,  except  at  one 
locality  in  southwest  Washington  county  of  Pennsylvania,  where  a  bed 
10  feet  thick  is  at  30  feet  below  the  Washington.  In  geographical  ex- 
tent, the  reds  of  this  interval  are  inferior  to  the  Tyler  reds  and  far  in- 
ferior to  the  Bitchie  reds. 

An  expansion  appears  in  the  interval  between  the  Washington  coal  bed 
and  Upper  Washington  Umestone.  Well  records  are  wanting  in  several 
counties  within  the  "red  area/'  but  enough  is  known  from  surface  obser* 
vations  to  show  that,  as  before,  the  chief  importance  is  in  that  area.  In 
Wood  county  of  West  Virginia  red  shale  is  present  in  some  well  or  other 
at  every  foot  of  the  interval,  and  in  Washington  county  of  Ohio  the 
same  statement  is  true  for  150  feet  above  the  coal.  In  those  counties 
the  beds  are  50  to  100  feet  thick.  Beds  are  in  the  bottom  70  feet  of 
the  interval  as  far  north  as  Wetzel  and  as  far  east  as  Harrison  county, 
but  they  are  wanting  apparently  in  Marshall  and  in  Belmont  of  Ohio. 
A  very  persistent  deposit  begins  at  70  to  90  feet  above  the  coal  and  is 
present  in  all  of  the  counties  named,  including  Marshall  and  Belmont, 
and  a  still  higher  deposit  is  shown  at  Moundsville,  45  feet  thick  and 
directly  underlying  the  Upper  Washington  limestone.  Its  place  is  not 
reached  in  any  recorded  section  farther  north,  but  it  is  doubless  repre- 
sented farther  south  by  some  of  the  thin  beds.  No  records  are  available 
for  Monongalia  and  Marion  coimties  of  West  Virginia,  but  in  all  prob- 
ability these  reds  are  there,  for  a  well  record  just  over  the  line  in  Greene 
county  of  Pennsylvania  notes  three  beds  in  this  interval,  in  all  50  feet; 
but  elsewhere  in  Greene,  Washington,  and  Fayette  of  Pennsylvania  and 
eastern  Marshall  of  West  Virginia  there  appears  to  be  no  trace  of  reds 
in  this  interval  except  at  three  widely  separated  places,  one  in  west  central 
Greene,  2  feet,  imder  the  Franklin  limestone,  one  in  Perry  township, 
10  feet,  at  the  Middle  Washington  horizon,  and  a  third  in  southwest 
Washington,  where  a  deposit  60  feet  thick  is  divided  by  the  Middle 
Washington.  The  reds  of  this  interval  have  less  extent  than  that  of  the 
Washington  reds  in  the  Conemaugh. 

One  riding  over  the  counties  of  Bitchie,  Wood,  and  Calhoun  of  West 
Virginia  recognizes  the  great  amount  of -red  shale  in  the  next  interval, 
that  reaching  to  the  Nineveh  limestone;  but  details  are  not  accessible. 
Measurements  of  surface  exposures  would  be  worthless  for  comparison, 
owing  to  variability  of  the  beds,  and  there  are  no  well  records,  as  the 
drillers  see  nothing  worth  recording  in  the  dreary  alternations  of  shale 
and  sandstone.    Doctor  White  mentions  a  "great  mass''  of  reds  under- 
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erly  exposure  of  its  place  in  Allegheny  county,  but  it  quickly  increases 
m  northern  Washington  to  10  and  to  30  feet.  Unlike  the  Lower  Wash- 
-  '/".ington,  this  deposit  is  insignificant  in  the  central  part  of  Washington 
:"•/•  county,  where  it  is  represented  only  by  thin  streaks;  but  it  becomes  better 
characterized  in  the  southern  part,  where,  as  in  Greene  county,  it  is  3  to 
4  feet  thick.  It  disappears  quickly  west  and  south  from  the  Pennsyl- 
vania line  and  it  cannot  be  recognized  certainly  in  any  of  the  sections. 
It  may  be  represented  by  one  of  the  red  beds.  A  black  shale  overlies 
this  limestone  at  many  places,  and  at  times  is  rich  in  well  preserved  re- 
mains of  fish.  The  Blacksville  limestone  was  mistaken  for  the  Middle 
Washington  at  several  places  in  Allegheny  and  northern  Westmoreland. 

The  Middle  Washington  limestone  (J.  J.  Stevenson,  1876),  numbered 
IV  in  volume  K  of  the  Pennsylvania  reports,  is  not  exposed  in  Pennsyl- 
vania east  from  the  Monongahela  river,  where  in  all  probability  it  is 
wanting.  A  limestone  in  Maryland  has  been  correlated  with  this.  The 
Middle  Washington  is  present  in  most  of  Washington  county,  where  its 
variations  are  very  like  those  of  the  Blacksville,  but  its  thickness  is 
greater  in  a  larger  area ;  it  practically  disappears  soon  after  passing  into 
Greene  county,  and  farther  south  it  has  been  recognized  only  near  the 
West  Virginia  border.  There  it  is  extremely  sandy  and  weathers  like 
sandstone;  but  it  may  be  present  in  this  condition  elsewhere  in  the 
county.  Unlike  the  Blacksville,  this  is  always  impure  and  often  fer- 
ruginous. 

The  Franklin  limestone  (V  of  Stevenson,  1876)  is  exceedingly  char- 
acteristic in  Greene  county,  where  it  is  coarsely  brecciated  and  very  hard, 
resisting  the  weather.  It  was  mistaken  by  Stevenson  for  the  Upper 
Washington  in  northwest  part  of  the  county  where  the  higher  limestone 
is  very  thin.  This  limestone,  rarely  more  than  3  feet  thick  and  often 
much  less,  is  from  20  to  36  feet  below  the  Upper  Washington  in  Greene, 
where  it  is  present  at  all  localities  exposing  its  place;  it  is  present  in  the 
western  townships  of  Washington  at  about  30  feet  below  the  Upper 
Washington  and  its  thickness  exceeds  2  feet  only  twice.  It  was  not  seen 
in  place  in  the  central  or  eastern  parts  of  the  county,  but  its  characteristic 
fragments  were  found  in  Franklin  and  Amwell  townships  very  close  to 
its  proper  position.  It  seems  to  be  absent  west  from  these  Pennsylvania 
counties  and  Doctor  White  does  not  report  it  from  West  Virginia  at  the 
south. 

The  Upper  Washington  limestone  (J.  J.  Stevenson,  1876),  numbered 
VT,  is  the  most  persistent  and  in  many  respects  the  most  striking  member 
of  this  group.     Its  northernmost  exposure  is  in  northwest  Washington 
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county,  and  thence  southward  it  appears  in  every  section,  exposing  its 
place  in  Pennsylvania  until  very  near  the  West  Virginia  line.  A  lime- 
stone in  Maryland  has  been  correlated  with  this  bed ;  the  interval  to  the 
Washington  coal  bed,  192  feet,  seems  excessive,  in  view  of  changes  in 
lower  intervals  in  that  direction,  but  no  comparison  can  be  made  directly, 
as  a  gap  of  about  70  miles  separates  exposures.  This  limestone  disap- 
pears southwardly  very  soon  after  entering  West  Virginia,  and  it  cannot 
be  recognized  with  any  certainty  in  any  of  the  long  sections  along  the 
Ohio  river  south  from  Moundsville^  West  Virginia,  where  it  is  244  feet 
above  the  Washington  coal  bed.  In  some  of  those  sections,  however,  a 
red  bed,  with  limestone  nodules,  is  very  near  the  place  of  this  limestone. 

The  Upper  Washington  is  flesh-colored,  blue,  and  dark  gray  in  its 
several  portions,  but  all  alike  weather  to  an  almost  snowy  white  faintly 
tinged  with  blue ;  much  of  it  is  very  pure  and  several  of  its  layers  waste 
very  slowly  on  exposure.  These  features  make  the  bed  an  immistakable 
stratigraphical  guide  from  its  most  northerly  exposure  to  beyond  central 
Greene  county,  as  well  as  in  the  portions  of  Fayette  county  in  which  its 
place  is  reached.  At  the  extreme  north  the  bed  is  thin,  but  thickens 
southwardly  to  central  Washington,  where  it  is  a  mass  of  limestone  and 
calcareous  shale  20  to  30  feet  thick.  Along  the  southern  border  of  the 
county  it  is  8  to  12  feet,  and  in  Greene  county,  where  the  middle  or  dark 
portion  has  disappeared,  it  seldom  exceeds  3  feet. 

The  coal  beds  in  this  interval  are  unimportant. 

The  Washington  A  coal  bed  (J.  J.  Stevenson,  1876),  between  the 
Blacksville  and  Middle  Washington  limestones,  was  supposed  at  the  time 
it  was  described  to  be  confined  to  thretf  townships  of  southeast  Greene 
county.  There  it  is  an  alternation  of  coal  and  shale  3  to  4  feet  thick 
and  possessing  no  value.  It  is  a  fairly  well  marked  horizon  elsewhere, 
showing  black  shale  at  many  places  in  eastern  Greene  and  coal  in  two 
townships  on  the  west  side  of  the  county,  the  only  ones  exposing  its  place. 
Occasionally  one  finds  a  coal  streak  in  Washington  county  at  varying 
distances  below  the  Middle  Washington  limestone  which  may  or  may  not 
be  contemporaneous  in  part  with  the  deposit  of  Greene  county. 

The  JoUytown  coal  bed  (I.  C.  White,  manuscript,  1876;  J.  J.  Steven- 
son, 1876),  named  from  a  village  in  southwest  Greene  county  of  Penn- 
erlvania,  is  25  to  40  feet  below  the  Franklin  (V)  limestone  in  eastern 
and  southern  Greene,  but  is  irregular  in  the  northwest  part  of  the  county, 
where  its  place  is  reached  again.  It  is  distinctly  present  in  Amwell 
ind  Franklin  townships  of  Washington,  into  which  it  was  traced  from 
Oreene  county,  and  a  blossom  or  thin  coal  marking  this  horizon  was  seen 
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It  is  wholly  probable  that  some  portion  of  the  Dimkard  column  remains 
within  the  Greensburg  trough  of  northern  Westmoreland,  but  no  correla- 
tion of  the  imperfectly  exposed  beds  can  be  made. 

The  lower  beds  of  the  Dunkard  are  present  in  western  Westmoreland 
almost  to  the  Kiskiminetis  river  at  the  north,  but  no  exposures  are  noted 
until  near  the  Fayette  border  at  the  south.  The  Washington  coal  bed 
underlies  the  Lower  Washington  limestone  and  varies  from  6  to  9  feet, 
in  the  latter  case  h&ving  almost  8  feet  of  coal  in  8  benches.  It  is  135 
feet  above  the  Waynesburg  coal  bed,  and  the  Waynesburg  A,  3  feet 
below  the  bright  yellow  Colvin  limestone,  is  66  feet  above  the  lower  coal 
bed.  Small  patches  in  northern  Fayette  occasionally  show  the  Waynes- 
burg A  and  Washington  coal  beds  with  the  Lower  Washington  lime- 
stone, but  the  important  area  is  farther  south,  in  Redstone,  Luzerne,  and 
Qerman  townships,  where  one  has  surface  observations  supplemented  by 
detailed  shaft  records.  A  massive  sandstone  was  seen  in  Bedstone,  330 
feet  above  the  Waynesburg  coal  and  only  a  few  feet  above  a  thin  coal  bed 
correlated  with  the  JoUytown.  It  is  like  that  underlying  the  Upper 
Washington  limestone  at  some  places  in  Washington  and  much  of 
Greene,  so  that  the  correlation  is  probably  correct.  The  Washington  coal 
bed  in  these  townships,  from  3  to  almost  6  feet  thick,  is  always  multiple 
and  yields  poor  coal,  rich  in  ash  and  sulphur.  The  Lower  Washington 
and  Blacksville  limestones  are  usually  present,  and  the  Colvin  limestone, 
with  the  Waynesburg  A  coal  bed  below  it^  is  always  shown  where  its  place 
is  exposed.  The  Waynesburg  sandstone  is  prominent,  though  sometimes 
replaced  in  part  by  sandy  shale ;  ordinarily  it  rests  on  the  coal,  the  Cass- 
ville  shale  having  been  removed.* 

The  irregularity  of  the  coal  beds  and  the  ease  with  which  one  depend- 
ing only  upon  imperfect  road  exposures  may  be  deceived  are  shown  by 
comparison  of  the  Brier  Hill  and  Lambert  records,  the  former  in  Bed- 
stone and  the  latter  in  Gemian  township: 

Feet  Inehes  Feet  Inehea 

1.  Washington  A  coal  bed,  clay,  sandstone. 18           9  13  0 

2.  Sandstone,  shale,  thin  limestone 22           6  27  7 

3.  CoBl  bed  Thin  0  5 

4.  Clay,  limestone,  calcareous  clay 8           5  9  2 

6.  CJoal  bed  3           0  2  3 

6.  Sandstone,  shale,  thin  limestone 22  8         27         11 

7.  Washington  coal  bed 4  0           2           6 

8.  Clay  and  sandstone  11  B'\ 

9.  Little  Waflhington  coal  bed 8  0  C       81          11 

10.  Shale    25  0  ) 


•  J.  J.  Stevenson :  (K  2),  pp.  154,  178,  211,  226,  227,  229,  281,  259,  273,  356-359,  366, 
866,  381. 
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Feet         Inches     Feet    Inches 

11.  Coal    ^  r  S 

Sandstone,  shale    v  Waynesburg  B J    7 

Coal,  black  shale  J  (2 

12.  Limestone  and  clay 3 

13.  Sandstone    47  0  ^       50  9 

14.  Colvin  limestone  and  clay 9 

15.  Waynesburg  A  coal  bed  and  black  shale 4  5  3  5 

18.  Clay,  sandstone,  shale,  thin  limestone 59         10         61  0 

to  the  Waynesburg  coal  bed.    The  coal  beds  are  approximately 

Feet  Feet 

Waynesburg  A  60  61 

Waynesburg  B    124  115 

Washington    176  149 

feet  above  the  Waynesburg.  The  first  coal  above  the  Washington  is 
reported  from  only  one  other  locality  in  Pennsylvania.  The  Washington 
A  at  Brier  Hill  shaft  has  three  coal  layers  in  all,  2  feet  1  inch  thick, 
but  at  the  Lambert  the  three  layers  of  almost  equal  thickness  have  5  feet 
7  inches.  Southward  the  section  does  not  reach  to  the  Dunkard,  but 
westward,  toward  the  Monongahela  river,  the  Waynesburg  sandstone 
becomes  very  massive. 

WBBT  FROM  MONONOAHBLA  RITBR,  IN  PBNNBTLVANIA 

The  Washington  coal  bed  at  its  most  northerly  exposure  in  Allegheny 
county  is  3  feet  thick  and  320  feet  above  the  Pittsburg,  with  the  Blacks- 
ville  limestone  25  feet  above  it  and  4  feet  thick.  At  4  miles  west  the 
coal  bed  is  75  feet  above  the  Waynesburg,  while  3  miles  south,  in  Snow- 
den  township,  the  interval  is  90  feet,  and  the  Waynesburg  A  is  seen 
at  50  feet  below  the  upper  bed.* 

The  Lower  Washington  and  Colvin  limestones  appear  first  in  Cecil 
township  of  Washington  county,  8  miles  south  from  the  last  locality, 
and  at  8  miles  west  the  Blacksville  limestone,  20  feet  thick,  is  30  feet 
above  the  Washington  coal  bed,  which  almost  directly  underlies  its  lime- 
stone. Here  the  Little  Washington  as  well  as  the  Waynesburg  A  is 
seen  and  the  Colvin  limestone  is  16  feet  thick.  The  Waynesburg  sand- 
stone is  represented  only  by  sandy  shale  and  the  Cassville  shale  contains 
4  feet  of  limestone.  The  Washington  and  Waynesburg  coal  beds  are 
85  feet  apart,  but  at  4  miles  northwest,  in  Smith  township,  this  interval 
decreases  to  65  feet,  and  the  Upper  Washington  limestone,  6  feet  thick, 
is  only  110  feet  above  the  Washington  coal  bed.     This  is  the  most 

•J.  J.  SteTenson:  (K),  pp.  303,  306,  813. 
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.  northernly  ezposnre  of  that  limestone.  Within  a  mile  and  a  half  toward 
the  west  the  interval  between  the  Washington  and  Waynesburg  coal  beds 
is  reduced  to  50  feet^  and  that  from  the  Upper  Washington  limestone 
to  the  lower  coal  cannot  be  more  than  160  feet.  The  Lower  Washing- 
ton limestone  is  8  feet  thick  and  the  interval  between  the  Washington 
coal  and  the  Colvin  limestone  varies  from  20  to  6  feot^  the  least  interval 
being  at  the  last  northward  exposure.  Southwardly  the  intervals  in- 
crease along  the  western  border,  and  in  southern  Independence  they  be- 
come 158  and  100  feet.  The  Blacksville  limestone  is  20  to  30  feet 
thick  in  Cross  Creek  and  Independence  townships,  where  a  massive  sand- 
stone underlies  the  Upper  Washington.  The  Middle  Washington  lime- 
stone appears  abruptly  in  Independence  with  a  thickness  of  20  feet,  and 
there  also  one  sees  for  the  first  time  the  Franklin  limestone,  35  feet 
below  the  Upper  Washington  and  directly  underlying  the  Canton  coal 
bed.  The  conditions  are  much  the  same  in  Hopewell  east  from  Inde- 
pendence, where  the  limestones  are  present  and  thick,  except  the  Colvin 
and  Franklin.  The  Wa}Tiesburg  sandstone  is  massive,  but  it  has  not 
cut  away  the  Cassville  shale,  which  carries  some  limestone  here,  as 
almost  everywhere  on  this  side  of  the  county. 

A  thin  coal  bed  marking  the  Boyd  horizon  was  seen  just  above  the 
Upper  Washington  limestone  in  Smith,  but  not  in  the  other  townships 
named,  where  only  black  shale  was  seen.  The  JoUytown  coal  bed  appears 
first  in  Hopewell  and  Independence,  where  it  is  about  20  feet  below 
the  Franklin  limestone.  The  Washington  coal  bed,  4  feet  to  5  feet 
6  inches  thick  and  multiple,  is  109  feet  above  the  Waynesburg  in  south- 
em  Hopewell.  The  Waynesburg  A,  not  seen  in  the  townships  along  the 
West  Virginia  line,  makes  its  appearance  in  Hopewell  at  40  feet  below 
the  Washington.* 

Farther  east,  in  North  Strabane,  the  Upper  Washington  limestone  is 
145  to  160  feet  above  the  Washington  coal  bed,  which  is  110  to  120 
feet  above  the  Waynesburg,  the  intervals  increasing  southwardly.  The 
Canton  coal  bed,  very  thin,  seems  to  be  continuous  at  12  feet  below  the 
Upper  Washington.  The  interval  from  the  Canton  coal  to  the  Blacks- 
ville  limestone  is  usually  concealed  here,  as  well  as  in  Nottingham  and 
Peters  townships  farther  east,  so  that  the  Franklin  and  Middle  Wash- 
ington limestones  are  not  reported.  The  other  limestones  of  this  inter- 
val are  from  8  to  25  feet  thick.  The  massive  sandstone  imderlying  the 
Upper  Washington  makes  a  "rock  city"  in  Peters. 

•J.  J.  SteTenson:  (K),  pp.  260,  270,  2S1,  282,  28$. 
I.  C.  White:   (K).  pp.  229,  286,  288,  201,  202«  298,  294. 
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The  Washington  coal  bed  is  thin  and  unimportant  throughout.  No 
trace  of  the  JoUytown  coal  bed  was  observed  in  these  townships,  nor  was 
the  Canton  seen  east  from  North  Strabane.  The  Waynesburg  B,  seen 
for  the  first  time  in  North  Strabane,  and  the  Waynesburg  A,  with  the 
Colvin  limestone,  are  present  in  Nottingham  as  well  as  still  farther  east 
in  Union,  Carroll,  Fallowfield,  and  Somerset.    These  coals  are  worthless. 

The  interval  from  the  Upper  Washington  limestone  to  the  Washington 
coal  bed  changes  very  slowly,  being  still  160  feet  in  Somerset,  but  that 
between  the  Washington  and  Waynesburg  coal  beds,  only  120  feet  in 
North  Strabane,  becomes  140  in  Fallowfield  and  Somerset.  The  Cass- 
ville  shale,  carrying  no  limestone  in  these  townships,  is  of  irregular  occur- 
rence, often  cut  out  by  the  overlying  Waynesburg  sandstone,  i^Mch  be- 
comes massive  and  very  prominent  toward  the  Monongahela  valley.* 

In  the  neighborhood  of  Washington  borough  measurements  were  ob- 
tained in  Canton,  South  Strabane,  and  Franklin  townships,  giving  the 
Mowing  succession: 

Feet 

1.  Limestone,  dark  blue,  Nineveh Fragments 

2.  Concealed    10 

3.  Limestone    SYagments 

4.  Ck)neealed    35 

5.  Limestone,  light  in  color 5 

6.  Concealed 55 

7.  Limestone,  light  blue,  Rogersville 3 

8.  Coal  bed,  Pursley  Blossom 

9.  Concealed    30 

10.  Limestone    [Ten-mile]    5  to  10 

11.  Shale   2  to    5 

12.  Coal  bed  [Boyd] •••  Blossom 

13.  Clay,  sandstone,  shale 9  to  21 

14.  Upper  Washington  limestone 6  to  20 

15.  Concealed    30 

16.  Coal  bed  [Canton] Blossom 

17.  Concealed    20 

18.  Coal  bed   [ Jollytown] Blossom 

19.  Concealed    15  to  25 

20.  Middle  Washington  limestone 6  to  20 

21.  Shales    10  to  15 

22.  Coal  bed,  Washington  A Blossom 

23.  Shales  and  thin  limestones 40 

24.  Lower  Washington  limestone 23  to  33 

25.  Washington  coal  bed 4  to    7 

26.  Washington  sandstone,  clay,  shale 12  to  17 

*J.  J.  SteyenBon:  (K),  pp.  212.  220,  228,  237,  238,  239. 
I.  C.  Wblte:  (K),  218,  219,  224,  226,  227. 
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Fe«t 

27.  Little  Washington  coal  bed 1 

28.  Shale  and  clay 2  to  10 

29.  Limestone    2 

30.  Concealed    79 

31.  Cassville  shale  21 

to  the  Waynesburg  coal  bed.  Fragments  of  the  Franklin  limestone  were 
seen  at  one  place  in  Franklin  township,  but  elsewhere  it  is  concealed. 
The  BlacksviUe  limestone,  so  prominent  in  most  of  the  Dunkard  area, 
has  almost  disappeared,  being  represented  by  a  few  streaks.  The  Waynes- 
burg  sandstone  is  somewhat  indefinite  and  at  best  is  only  a  sandy  shale; 
the  Cassville  shale  has  limestone  in  the  shaft  at  Washington,  which  is 
the  most  easterly  appearance  of  the  limestone.  The  interval  from  Upper 
Washington  limestone  to  the  Washington  coal  bed  is  160  to  160  feet, 
and  that  from  the  Washington  to  the  Waynesburg  coal  bed  is  115  to 
124,  decreasing  westwardly. 

The  conditions  are  very  similar  southward  in  Morris,  Amwell,  and 
West  Bethlehem  along  the  southern  border  of  the  county,  except  in 
increase  of  the  intervals,  that  from  the  Upper  Washington  to  the  Wash- 
ington coal  becoming  180  and  190  as  one  approaches  the  Greene  county 
line,  and  that  from  the  Washington  to  the  Waynesburg  becoming  165 
feet.  The  Boyd,  Canton,  and  JoUytown  coals  are  present,  as  are  also 
the  Ten-mile  and  Franklin  limestones.  A  massive  sandstone,  250  feet 
above  the  Upper  Washington  and  very  near  the  place  of  the  Nineveh 
sandstone,  remains  in  West  Bethlehem  as  a  rock  city  on  the  Hillsborough 
knob.* 

Buffalo,  Donegal,  East  and  West  Finley  townships  form  the  south- 
west corner  of  Washington  county.  In  the  former  two,  at  the  north,  the 
exposed  section  reached  to  76  feet  above  the  Upper  Washington  limestone. 
The  Ten-mile  limestone  is  6  feet  thick  20  feet  above  the  Upper  Wash- 
ington and  40  feet  below  another  whose  relations  are  very  uncertain. 
Coal  was  seen  at  the  Boyd  horizon  in  one  exposure,  and  a  blossom  at  10 
feet  above  the  Ten-mile  may  be  taken  as  representing  the  Pursley  horizon. 
The  Canton  coal  bed,  20  feet  below  the  Upper  Washington,  was  seen 
in  both  townships,  very  thin  and  6  inches  to  2  feet  above  the  PrankUn 
limestone,  which  is  1  foot  6.  inches  to  7  feet  thick.  A  thin  coal  bed  at 
a  little  way  below  the  Middle  Washington  limestone  seems  to  mark  the 
Washington  A  horizon,  but  no  trace  of  the  JoUytown  coal  bed  was  seen. 
The  Washington  coal  bed  is  6  inches  to  9  feet  thick  and  for  the  most 
part  of  little  worth.     Of  all  the  limestones,  only  the  Colvin  is  absent. 

•  J.  J.  Stevenson:  (K).  181,  184,  186,  188,  190,  241-244,  247,  248,  250,  251,  252. 
I.  C.  White:   (K),  pp.  184,  187,  201. 
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Here,  for  the  first  time,  red  beds  are  seen  in  the  Dunkard,  there  being 
in  Donegal  a  mass,  about  60  feet  thick,  resting  on  the  Blacksville  lime- 
stone and  extending  above  the  Middle  Washington.  At  another  exposure 
a  purely  local  bed,  15  feet  thick,  is  at  the  place  of  the  Franklin  limestone. 
East  and  West  Finley  adjoin  Greene  county  and  the  latter  extends 
to  the  West  Virginia  line  at  the  west.  In  Morris  township  the  Upper 
Washington  limestone  is  almost  constantly  in  view  from  the  east  side 
of  the  township  until  within  about  half  a  mile  of  the  East  Finley  Hue. 
There  the  Nineveh  sandstone  is  180  feet  above  the  Upper  Washington, 
and  fragments  of  the  Nineveh  limestone  were  seen  35  to  40  feet  lower, 
while  at  a  little  way  farther  west  the  Nineveh  coal  bed  was  seen  under 
the  sandstone.  Chert  appears  in  great  abundance  above  the  Nineveh 
sandstone,  but  it  was  not  found  in  place;  it  seems  to  belong  somewhere 
near  the  Limestone  XII. 

Crossing  into  East  Finley  and  descending  to  Himter^s  fork  of  Wheel- 
ing creek,  one  quickly  reaches  the  Upper  Washington  limestone  at  little 
more  than  150  feet  below  the  Nineveh  limestone,  and  at  half  a  mile  far- 
ther there  is  a  coal  bed  1  foot  6  inches  thick  and  about  50  feet  above 
the  lower  limestone.  This  seems  to  be  not  far  from  the  Pursley  horizon, 
but,  in  view  of  the  changing  intervals  southwardly,  one  is  hardly  justified 
in  making  the  correlation  at  present.  The  Middle  Washington  and 
Blacksville  limestones  are  exposed  at  a  little  way  farther  and  remain 
in  sight  to  the  west  side  of  the  township.  The  rapid  fall  of  the  stream 
in  West  Finley  brings  the  lower  rocks  into  the  section,  and  the  W.i^-nes- 
burg  coal  bed  is  reached  at  a  considerable  distance  east  from  the  state 
line.  Exposures  in  the  Finley  townships  are  for  the  most  pa^t  incom- 
plete; the  limestones  are  numerous  and  evidently  not  all  of  them  are 
persistent.  It  seems  to  be  clear  that  in  preparing  his  report  on  Greene 
and  Washington  counties  Stevenson  erred  in  some  of  the  correlations. 

Hhe  highest  limestone  observed  in  place  is  coarse,  dark  on  fresh 
fracture,  and  weathering  with  a  rough  surface.  It  is  the  bed  numbered 
XI.  At  the  West  Virginia  line  it  is  211  to  220  feet  above  the  Upper 
Washington  and  it  is  exposed  frequently  on  the  west  side  of  West  Finley ; 
it  is  reached  again  in  the  northwest  part  of  the  township  and  the  adjacent 
part  of  East  Finley,  where  the  interval  is  234  to  240  feet  and  the  lime- 
stone rests  on  50  feet  of  red  shale,  the' Nineveh  sandstone  being  absent. 
Afl  in  the  case  of  the  lower  interval,  this  decreases  eastwardly,  so  that 
on  the  east  side  of  East  Finley  it  is  200  feet,  and  at  a  mile  or  two 
farther  east,  in  Morris,  Doctor  White  found  it  195  feet  above  the  Upper 
Washington.    The  bed  varies  from  6  to  8  feet  and  gives  a  good  strong 
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lime  for  the  farmer.  Fragments  of  a  higher  limestone,  XII,  wcr<?  seen 
60  feet  above  XI  near  the  West  Virginia  line,  but  its  place  was  not 
reached  elsewhere  in  Washington  county. 

The  Nineveh  limestone,  145  to  153  feet  above  the  Upper  Washington 
near  the  West  Virginia  line,  is  reached  at  many  places  in  these  townships. 
The  interval  increases  eastwardly  to  180  feet  on  the  border  of  East  and 
West  Finley,  but  farther  east  it  decreases  to  160.  The  rock  is  coarse, 
dark,  and  weathers  blue  and  rough,  though  some  portions  become  yellow. 
A  third  limestone,  rarely  exceeding  2  feet  5  inches,  is  very  persistent 
at  103  to  123  feet  above  the  Upper  Washington.  It  may  be  equivalent 
to  a  limestone  seen  in  the  western  part  of  Greene,  but  it  is  not  safe  to 
make  any  correlation  of  these  limestones  in  this  variable  interval — at 
least  until  more  detailed  information  has  been  secured. 

The  Upper  Washington  is  15  to  20  feet  thick,  and  the  Franklin,  30 
to  40  feet  lower,  is  a  persistent  dark  limestone  20  to  30  feet  above  the 
Middle  Washington.  The  Blacksville  and  Lower  Washington  appear 
wherever  their  places  are  exposed,  but  they  vary  greatly  in  thickness. 
The  coals  are  wholly  imimportant,  and  nothing  to  represent  the  Boyd, 
JoUytown,  Waynesburg  A  or  B  was  seen.  The  Wa}Tiesburg  is  the  only 
prominent  sandstone.  A  shale,  apparently  equivalent  to  the  Cassville, 
overlies  the  Waynesburg  coal  bed  at  many  places,  but  it  carries  no  lime- 
stone.* 

Passing  over  into  Greene  county,  one  soon  reaches  an  area  retaining 
the  highest  members  of  the  Dunkard  formation.  A  high  ridge  separating 
Wheeling  and  Fish  creeks  at  the  west  from  Ten-mile  and  Dunkard 
creeks  at  the  east  passes  from  Morris  and  East  Finley  of  Washington 
county  into  Morris,  Richhill,  and  Center  of  Greene.  From  this  ridge 
in  Greene  long,  irregular  'Tiogback'^  ridges  pass  off  into  the  townships 
of  Jackson,  Aleppo,  Gilmore,  and  Springhill  and  thence  into  West  Vir- 
ginia, most  of  them  capped  by  the  Gilmore  sandstone,  and  occasionally 
one  shows  some  higher  rocks.  The  section  shows  great  variation  in 
western  Greene.     - 

A  principal  fork  of  Wheeling  creek  heads  up  against  this  ridge  in 
Aleppo  township  and  flows  northwest  into  Eichhill.  The  succession  along 
this  stream  as  ascertained  by  Doctor  White,  somewhat  condensed  from, 
the  original  notes,  is: 

*J.  J.  Stevenson:    (K),  pp.   192,  103,  194,  196,  199,  253,  256,  259,  260,  261.   264,. 
265,  266. 

I.  C.  White:  (K),  pp.  199,  200,  201. 
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Feet  '  Inches 

1*  Limestone  [Windy  gap] 4  0 

2.  Shale    25  0 

3.  Black  shale  [Windy  Gap  coal  bed] 2  0 

4.  Shales    30  0 

5.  Oilmore  sandstone  30  0 

e.  Concealed    300  0 

7.  Nineveh  coal  bed 1  0 

a  Shales   25  0 

9.  Limestone  and  black  shale  [Nineveh] ...,. 8  0 

10.  Shale  and  sandstone 40  0 

11.  Coal  bed  [Hostetter  ( ?)] 1  2 

12.  Brecciated  limestone  2  0 

13.  Sandstone  and  concealed 30  0 

14.  Light-colored  limestone  8  0 

15.  Shales  and  Fish  Creek  sandstone 70  0 

16.  Impure  coarse  limestone 2  0 

17.  Reddish  shale   15  0 

18.  Dunkard  coal  bed  2  0 

19.  Limestone  1X6  1  6 

20.  Sandstone   25  0 

21.  Limestone,  coarse  [ Jollytown]    2  0 

22.  Red  shale 10  0 

23.  Bine  shale,  flaggy  sandstone 30  0 

24.  Red  shale   4  0 

25.  Shales  and  sandstones 71  0 

26.  Upper  Washington  limestone   8  0 

27.  Sandstone  and  shale  40  0 

28.  Limestone,  coarse  [Franklin] 2  0 

29.  Red  shale  and  sandstone 60  0 

30.  Shale  and  massive  sandstone 75  0 

31.  Limestone,  Middle  Washington 2  0 

32.  Shale,  clay  15  0 

33.  Coal  bed  [Washington  A] 1  6 

34.  Shale    10  0 

35.  Limestone,  light,  good  [Blacksville] 6  0 

36.  Shale  and  sandstone 30  0 

37.  Black  shale,  brecciated  limestone.  Lower  Washington..      6  6 

38.  Washington  coal  bed  3  6 

The  great  gap  between  the  Nineveh  coal  bed  and  the  Qilmore  sandstone 
is  concealed  throughout  southwestern  Greene  and  apparently  in  most  of 
the  West  Virginia  area;  but  it  is  shown  more  or  less  in  detail  within 
Morris,  Eichhill,  and  Center  of  Greene.  The  first  two  adjoin  Morris 
and  the  Finleys  of  Washington ;  Center  is  south  from  Morris  and  eastern 
Bichhill  and  contains  the  highest  rocks,  just  failing  to  catch  the  Qilmore 
sandstone.    The  sections  above  the  Nineveh  limestone  are: 
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Feet         Inches 

1.  Jackson  limestone   Fragments 

2.  Red  beds,  sandstone 80  0 

3.  Limestone    5  0 

4.  Sandstone    Not  measured      Not  measured  40  0 

5.  Baresville  coal  bed Blossom  Blossom  Concealed 

a  Shale  0  0  3  0^ 

7.  Limestone    0  8  3  oC     80  O 

8.  Shale    30  0  30  0  ) 

9.  Limestone  XII  18  0         12  0  8  O 

10.  Sandstone,  concealed 80  0  90           0         80  0 

11.  Limestone  XI  2  6  2          11           2  6 

12.  Nineveh  sandstone   42  0^  r35  0 

13.  Nineveh  coal  bed 1  ^178  oJ^  ® 

14.  Sandstone,  shale   36  Or  ]36  0 

15.  Black  shale  1  oj  [l  0 

la  Nineveh  limestone 2  0  6           2           2  0 

Thus  far  the  sections  are  practically  in  accord.  The  highest  limestone 
in  Center,  about  276  feet  above  the  Nineveh  coal  bed,  is  the  same  with 
a  limestone  foimd  in  Jackson  township  at  30  feet  below  the  Gilmore  sand- 
stone. It  has  been  seen  also  in  Springhill.  No  trace  of  the  Baresville 
coal  was  seen  in  Center  township.  The  Nineveh  coal  and  sandstone, 
concealed  in  southeast  Eichhill,  are  shown  at  many  places  in  Morris, 
Center,  Jackson,  and  Aleppo.  The  coal  is  always  thin,  but  is  so  good  that 
it  is  mined  at  many  places  by  stripping. 

Below  the  Nineveh  limestone  to  the  Washington  coal  there  is  much 
variation  in  the  sections.  This  portion,  ill  exposed  in  Morris  and  Rich- 
hill,  is  well  shown  in  Center.  A  direct  measurement  in  southeast  Morris 
shows  the  interval  between  the  Nineveh  limestone  and  the  Upper  Wash- 
ington limestone  to  be  certainly  not  more  than  160  feet,  and  the  record 
of  a  boring  in  the  central  part  of  the  township  confirms  this  by  giving 
the  interval  between  the  Nineveh,  and  Waynesburg  coal  beds  as  488 
feet,  or  about  300  feet  less  than  in  Aleppo  township.  A  coal  bed,  possibly 
the  Hostetter,  is  reported  in  this  well  at  63  feet  below  the  Nineveh  coal, 
and  in  southeast  Eichhill  its  blossom  was  seen  at  20  feet  below  the  Nine- 
veh limestone.  The  Ten-mile  limestone  is  present,  bnt  the  Rogersville 
seems  to  be  wanting  in  Morris;  one  of  these  is  present  in  Richhill,  but 
which  one  was  not  determined.  A  direct  measurement  in  southeast  Rich- 
hill  gives  150  feet  as  the  interval  between  the  Nineveh  and  Upper 
Washington  limestones,  showing  that  the  condition  is  practically  the  same 
as  in  Morris.*  But  at  3  or  4  miles  southward,  in  Center  township,  one 
finds  the  increased  interval  shown  in  Doctor  White's  Aleppo  section, 

*  It  should  be  remembered   that  the  measurements  are  barometric   tbrooghout. 
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vhich  prevails  in  Center,  Jackson,  and  Aleppo.  .  The  section  in  western 
Center  is: 

Feet        Inches 

1.  Nineveh  limestone 2  0 

2.  Sliale,  sandstone,  concealed 70  0 

3.  Fish  Creek  sandstone 60  0 

4.  Pnnkard  coal  bed 1  8 

5.  Limestone   1x6 1  6 

6.  Sandstone,  shale  36  0 

7.  Jollytown  limestone,  shale  1  z  a 10  0 

8.  Shale,  sandstone,  concealed 100  0 

9.  Ten-mile  limestone  2  0 

10.  Shale,  sandstone  36  0 

to  the  Upper  Washington  limestone.  The  Eogersville  limestone  is 
here,  bnt  concealed  where  the  measurement  was  made.  The  Pnrsley 
coal  bed,  underlying  the  Eogersville  limestone,  is  shown  at  numerous 
places  and  is  mined  on  Pursley  creek,  where  its  thickness  is  20  inches. 
The  interval  between  the  Nineveh  and  Upper  Washington  limestones 
is  about  300  feet  in  northern  Center,  but  in  southwest  Center  it  is  about 
260  feet  and  the  Ten-mile  limestone  seems  to  be  replaced  by  red  shale. 
The  RogersviHe  limestone  disappears  westwardly,  becoming  only  cal- 
careous shale  near  the  line  of  Jackson  township. 

In  Jackson  township  the  Dimkard  coal  bed  is  only  100  feet  below 
the  Nineveh  limestone,  as  it  is  also  at  an  exposure  in  western  Center; 
but  in  Aleppo  that  interval  is  168  feet  and  one  finds  there  at  40  feet 
below  the  limestone  a  thin  coal  bed,  apparently  the  same  with  that 
in  Morris  and  Sichhill,  at  20  to  24  feet,  and  perhaps  the  Hostetter  bed. 
The  place  of  this  bed  is  concealed  at  the  Jackson  and  Center  localities. 
The  Dunkard  coal  bed  is  constant  in  Center,  Jackson,  and  Aleppo,  but 
seems  to  be  wanting  in  Morris  and  Sichhill.  It  is  thin,  not  exceeding 
2  feet,  in  two  nearly  equal  benches,  separated  by  1  to  3  inches  of  clay. 
The  coal  is  good  and  is  mined  by  stripping  at  many  places.  The  little 
limestone,  1X6,  is  always  present  with  the  coal,  and  the  Jollytown  lime- 
stone is  equally  persistent  in  Center,  Jackson,  and  Aleppo,  but  it  has 
not  been  recognized  certainly  in  either  Morris  or  Eichhill.  Its  thick- 
ness is  greatest  in  western  Center;  it  is  thinner  and  more  shaly  in 
Jackson,  and  is  thin  where  last  observed  in  western  Aleppo.  The  interval 
from  the  Jollytown  to  the  Upper  Washington  decreases  westwardly  from 
137  feet  in  Center  to  116  in  western  Aleppo.  The  Ten-mile  limestone 
and  Boyd  and  Pursley  coals  are  evidently  wanting  in  Aleppo  near  the 
West  Virginia  line.* 

•  J.  J.  SteTenson:  (K).  pp.  163,  164,  156.  167,  168,  169,  160-162,  172-174. 
I.  C.  White:   (K),  pp.  161-163. 
J.  P.  CftrU:  I  6,  p.  808. 
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The  section  below  the  Upper  Washington  limestone  is  not  reached  in 
Morris  or  Jackson,  but  is  shown  in  northwestern  Aleppo,  in  western 
Bichhill,  and  for  the  greater  part  in  eastern  Center,  the  distance  between 
the  ontcrops  of  the  Washington  coal  bed  being  about  12  miles.  The  inter- 
val between  the  Upper  Washington  limestone  and  the  Washington  coal 
bed  is  about  300  feet  in  Aleppo,  where  one  finds  the  Franklin,  Middle 
Washington,  Blacksville,  and  Lower  Washington  limestones,  all  thin  and 
more  or  less  brecciated.  There  is  no  trace  of  coal  at  the  Canton  or  Jolly- 
town  horizon,  but  the  Washington  A  is  seen  in  the  Aleppo  section  at 
52  feet  above  the  Washington-  In  southern  Richhill  the  Washington 
limestone  rarely  becomes  2  feet,  while  the  Franklin,  20  feet  below  it,  is  6 
feet  thick  and  brecciated;  this  great  thickness  led  to  mistaking  it  for 
the  Upper  Washington.  The  other  limestones  are  insignificant.  The 
Canton  horizon  carries  no  coal,  but  a  thin  streak  marks  the  Jollytown. 
The  interval  between  the  Upper  Washington  and  the  Washington  coal 
bed  is  about  230  feet  in  southern  Richhill,  but  decreases  northwardly 
until,  near  the  Washington  County  border,  it  is  not  more  than  160 
feet.  The  Washington  coal  bed,  seen  always  where  its  place  is  exposed, 
varies  little  from  3  feet  6  inches  and  is  double,  with  a  thick  clay  parting. 
The  Waynesburg  coal  bed  is  reached  in  western  Richhill,  where  the  inter- 
val to  the  Washington  coal  is  130  feet,  as  ascertained  by  direct  measure- 
ment in  the  northwest  corner.  This  is  much  smaller  than  at  localities 
farther  east  along  the  Washington  County  border  where  the  coal  is 
reached  again.  The  insignificant  Waynesburg  A  and  B  are  both 
present,  but  the  Colvin  limestone  is  absent.  The  Waynesburg  sandstone 
is  massive  and  ordinarily  rests  on  the  Waynesburg  coal  bed.* 

Following  the  section  eastward  along  Ten-mile  creek,  across  Center, 
Franklin,  and  Jefferson  townships,  one  reaches  the  bottom  of  the  column 
in  Jefferson.  The  Rogersville  limestone  is  a  constant .  member  into 
Jefferson,  where  it  is  70  feet  below  a  thick  limestone  which  Stevenson 
took  to  be  the  Xineveh,  but  which  on  a  preceding  page  has  been  cor- 
related at  least  tentatively  with  the  JoUjrtown.  The  earlier  correlation 
may  prove  to  be  the  true  one,  as  the  limestone  is  more  like  the  Nineveh 
than  the  Jollytown,  and  the  interval  to  the  Upper  Washington  is  nearly 
the  same  as  at  5  or  6  miles  farther  north;  but  the  persistence  of  the 
Rogersville  limestone  and  its  relations  to  the  higher  limestone,  nearly 
the  same  as  in  western  Center,  seem  to  justify  the  tentative  correlation 
with  the  Jollytown — the  more  so  since  the  Pursley  coal  is  persistent 
into  Jefferson.    The  Ten-mile  limestone  is  present  everjrwhere  along  this 

*J.  J.  Sterettson:   (K),  pp.  168-171. 
I.  C.  White:    (K),  p.   163. 
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line  to  the  most  easterly  exposure  of  its  place.  The  Upper  Washington  is 
270  feet  above  the  Washington  coal  bed  at  Waynesburg,  and  an  almost 
direct  measurement  by  Doctor  White  in  Jefferson  6  or  7  miles  east  makes 
the  interval  254  feet.  The  Franklin  limestone  is  always  present  at  30 
to  35  feet  above  the  JoUytown  coal  bed,  which  rarely  exceeds  1  foot, 
but  is  always  present.  The  Middle  Washington  limestone  is  absent, 
but  the  Blacksville  and  Lower  Washington  persist,  though  they  rarely 
are  more  than  3  feet  thick.  The  Waynesburg  A  and  B  coal  beds  seem 
to  be  continuous  and  the  Colvin  limestone  is  prominent.  The  Waynes- 
burg sandstone,  shown  in  Franklin  and  Jefferson  and  thence  eastward 
to  the  Monongahela  river,  is  sometimes  75  feet  thick,  more  or  less 
shaly  or  flaggy  above,  but  massive  and  at  times  is  slightly  conglomerate 
below.  The  Cassville  shale,  carrying  no  limestone,  is  somewhat  irregu- 
lar in  occurrence,  but  at  several  places  is  rich  in  plant  impressions.  The 
interval  between  the  Washington  and  Waynesburg  coal  beds  is  173 
feet  in  eastern  Franklin,  and  the  greatest  interval  is  180  feet  on  the 
eastern  edge  of  the  county. 

Washington  and  Morgan  townships  are  north  from  Franklin,  on  the 
Washington  county  border.  The  Middle  Washington  was  seen  in  the 
former  at  98  feet  below  the  Upper  Washington,  and  a  thin  coal  bed, 
perhaps  at  the  Jollytown  horizon,  is  at  83  feet  below  the  latter  limestone. 
A  direct  measurement  between  the  Nineveh  and  Upper  Washington  lime- 
stones in  Morgan  gives  180  feet.  This  is  2  miles  south  from  Ten-mile 
village,  in  Amwell  of  Washington  county,  and  the  Nineveh  limestone 
was  seen  at  many  places  along  the  northern  border  where  there  is  a  coal 
bed  at  50  feet  below  it.  A  dark  limestone,  probably  the  Ten-mile,  is 
40  feet  above  the  Upper  Washington,  and  the  Boyd  coal  bed,  30  inches 
thick,  15  feet  above  the  Upper  Washington,  is  mined  on  Boyd  run,  in 
Washington  township.  The  Franklin  limestone  and  the  Jollytown  coal 
bed  persist,  but  the  Washington  coal  bed  and  the  other  limestones  are 
insignificant.  The  Waynesburg  A  and  B  and  the  Colvin  limestone  are 
here  and  the  Washington  coal  bed  is  160  feet  above  the  Waynesburg.* 

The  southern  townships  from  the  Monongahela  river  westward  along 
the  West  Virginia  border  are  Dunkard,  Perry,  Wayne,  Gilmore,  and 
Springhill.  In  the  first  the  exposed  section  reaches  to  little  above  the 
Washington  A  coal  bed,  which  is  very  thin.  The  Waynesburg  sandstone 
is  prominent  and  at  many  exposures  rests  on  the  Waynesburg  coal,  but  oc- 
casionally the  Cassville  shale,  carrying  no  limestone,  is  present,  3  to  7 
feet  thick  and  crowded  in  the  lower  portion  with  fine  impressions  of 


•J.  J.  Stevenson:  (K),  pp.  133,  134,  139,  141,  148,  146,  146,  149,  151,  152. 
I.  C.  White:  (K),  pp.  138,  139. 
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plants.  The  Waynesbnrg  A  and  Washington  coal  beds  are  both  thin, 
and  the  latter  is  160  feet  above  the  Waynesburg  at  the  only  locality 
for  direct  measurement.  The  section  is  longer  in  Perry  township.  The 
Waynesburg  passes  nnder  Dimkard  creek  at  8  miles  west  from  the  Monon^ 
gahela,  and  at  barely  3  miles  farther  west^  where  the  Waynesburg  A 
has  passed  under  this  succession,  was  found : 

Feet         Inches 

1.  Franklin  limestone  Fragments 

2.  Ck>ncealed    35           0 

3.  Jollytown  coal  bed  Blossom 

4.  Shale,  mostly  90           0 

6.  Limestone,  sandy  [Middle  Washington] 4           6 

6.  Sandstone,  mostly  75  0 

7.  Washington  A  coal  bed  and  shale 3  0 

a  Shale    20  0 

9.  Limestone  III  [Blacksville] 3  6 

10.  Sandstone    40  0 

11.  Shale    3  0 

12.  Lower  Washington  limestone 1  6 

13.  Shale  and  concealed 5  0 

to  the  Washington  coal  bed,  of  which  only  the  blossom  was  seen.  The 
interval  between  the  Franklin  limestone  and  the  Washington  coal  bed 
is  about  280  feet;  in  Jefferson  township,  9  miles  east  of  north,  it  is 
220  and  in  Franklin  township,  9  miles  west  of  north,  it  is  240  feet.  The 
Jollytown  coal  bed  is  very  thin,  not  more  than  6  inches.  Doctor  White 
has  published  a  section  obtained  two  miles  farther  east,  on  Colvin  run, 
in  which  the  Franklin  limestone  is  10  feet  thick  and  36  feet  above  the 
Jollytown  coal  bed,  which  is  1  foot  6  inches;  the  Franklin  is  281  feet 
above  the  Washington  coal  bed.  He  finds  a  limestone  9  feet  thick  at 
135  feet  above  the  Franklin,  which  is  evidently  the  same  with  that  seen 
in  Jefferson.  As  at  that  locality,  the  rock  resembles  the  Nineveh  in 
several  features,  but  the  lessening  interval  in  this  direction  seems  to  be 
related  to  the  conditions  seen  in  western  Wayne  and  in  Qilmore,  so  that 
on  a  preceding  page  this  highest  limestone  has  been  referred  tentatively 
to  the  Jollytown  horizon.  In  this  section  Doctor  White  finds  10  feet 
of  red  shale  very  near  the  place  of  the  Middle  Washington  limestone. 
The  Washington  A  coal  bed,  seen  at  several  places  here,  as  well  as  in 
Whitely  township,  at  the  north,  is  2  to  4  feet  thick  and  so  much  broken 
by  shale  as  to  be  unimportant.  The  limestones  are  all  thin  and  even 
the  Colvin  is  irregular,  being  only  3  feet  on  Colvin  run.  The  Washington 
coal  bed,  5  feet  8  inches  thick,  is  triple  and  its  coal  is  poor. 

Doctor  White  measured  a  section  on  Dunkard  creek,  in  Wavne  town- 
ship,  which  is  almost  the  same  with  that  obtained  by  Stevenson  in  Perry. 
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The  Jollytown  coal  bed  is  25  feet  below  the  Franklin  limestone  and  110 
feet  aboye  the  sandy  Middle  Washington.  The  Washington  A  coal 
bed,  4  feet  3  inches  of  coal  and  shale  is  85  feet  lower  and  73  feet  above 
the  Washington  coal.  The  Upper  Washington  limestone  is  not  exposed 
in  this  township  except  on  the  Gilmore  border,  bnt  the  Ten-mile  lime- 
stone was  seen  in  the  northern  portion  and  the  Nineveh  limestone  is  on 
the  ridge  at  the  line  of  Center  township.  Exposures  are  yery  bad  in  the 
greater  part  of  this  township.* 

Ascending  Dnnkard  creek^  one  finds  the  lower  rocks  passing  under, 
80  that  at  the  line  of  Oilmore  township  the  lowest  rocks  visible  are  only 
56  feet  below  the  Jollytown  coal  bed.  There  one  has  Doctor  White's 
measnrement : 

Peet 

1.  Shale    20 

2.  Franklin  limestone  2 

a  Shale    24 

4.  Jollytown  coal  bed 1 

5.  Shale,  sandstone,  fully  exi)08ed 56 

with  2  feet  of  red  shale  at  30  feet  below  the  Jollytown  coal  bed.  This 
layer  was  not  seen  in  Wayne  township.  The  Jollytown  coal  bed,  though 
very  thin,  yields  good  coal  and  is  stripped  at  many  places.  It  is  in  the 
road  at  Jollytown,  on  the  east  side  of  Oilmore.  Some  difficulty  was 
oiconntered  in  making  the  section  above  the  Franklin  limestone,  but 
the  line  in  Gilmore  and  Springhill  was  revised  very  carefully  by  Steven- 
son and  White,  and  Doctor  Whitens  measurements  appeared  to  be  very 
close  to  the  truth.  Since  that  time  they  have  been  confirmed  by  records 
of  well  borings  in  Marshall  county  of  West  Virginia  just  beyond  the 
west  line  of  Springhill  township.  Doctor  White's  section,  not  published 
in  full  in  volume  K,  extends  from  a  high  knob  in  the  middle  of  the  town- 
ship to  Jollytown.    As  recorded  in  the  note  book,  the  lower  portion  is: 

Feet  Inches 

1.  Nineveh  coal  bed 1  2 

2.  Shales  25  0 

3.  [Nineveh]  limestone  and  shale 7  0 

4.  Concealed    140  0 

6.  Dnnkard  coal  bed 1  2 

a  Limestone  IXb  2  0 

7.  Shales  25  0 

8.  Limestone  IXa  [Jollytown] 1  6 

9.  Shale  and  sandstone 28  0 

10.  Goal  bed  [Boyd] 1  1 

*J.  J.  SteTensoii:  (K),  pp.  90,  104,  105,  168,  166. 
I.  C.  White:  (K),  pp.  100,  106,  107,  108.    U.  8.  Geol.  Bunrey  Bulletin,  no.  66,  p.  28. 
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Feet       Inches 

il.  Dark  shale  0  6 

12.  Upper  Washington  limestone 4  0 

13.  Sandstone   15  0 

14.  Shale  10  0 

16.  Impure  limestone  1  0 

16.  Shale    10  0 

17.  Limestone  [FranUin]    2  0 

18.  Shales    25  0 

19.  Jollytown  coal  bed  1  10 

The  interval  between  the  Upper  Washington  and  Franklin  limestones 
is  36  feet.  The  section  from  the  Dunkard  coal  bed  to  the  Upper  Wash- 
ington limestone  is  shown  at  a  mile  and  a  half  above  Jollytown.  If  the 
limestone,  Number  12,  be  the  same  with  that  seen  at  Jollytown,  which 
seems  to  be  practically  certain,  the  interval  between  the  Jollytown  coal 
bed  and  the  Jollytown  limestone  is  74  feet  less  than  the  interval  in 
eastern  Perry,  114  feet  less  than  in  Jefferson  township.  The  interval 
between  the  Dunkard  and  Nineveh  coals  was  not  obtained  by  direct 
measurement;  it  is  172;  at  White  Cottage,  6  miles  north,  in  Jackson, 
it  is  127 ;  but  in  Aleppo,  8  miles  northwest,  it  is  200  feet.  The  Gilmore 
sandstone  is  reached  at  the  head  of  Dimkard  creek,  30  feet  thick  and  30 
feet  above  the  Jackson  limestone.  The  whole  interval  to  the  Dunkard 
coal  bed,  300  feet,  is  without  detailed  exposures.  These  high  rocks 
are  reached  on  the  divide  between  Dunkard  and  Fish  creeks,  over  which 
one  crosses  into  Springhill  township. 

Fish  creek  descends  rapidly  toward  the  west,  so  that  within  a  mile 
one  is  below  the  Nineveh  limestone.  Everything  between  the  Gilmore 
sandstone  and  that  limestone  is  concealed  in  by  far  the  greater  part 
of  the  township,  but  there  are  frequent  exposures  of  lower  beds.  The 
interval  between  the  Nineveh  limestone  and  Dunkard  coal  bed,  measured 
directly  at  several  places,  varies  from  120  to  150  feet,  being  greatest 
near  the  West  Virginia  border  at  the  west.  In  the  eastern  part  of  the 
township  a  coal  bed,  1  foot  1  inch  thick,  is  at  45  feet  below  the  Nineveh 
limestone  and  80  feet  above  the  Dunkard  coal  bed,  and  at  30  to  40  feet 
lower  is  an  impure  limestone.  The  coal  bed  is  probably  that  termed 
Hostetter  by  Doctor  White.  Toward  the  west  side  of  the  township  the 
Fish  Creek  sandstone,  overlying  the  Dunkard  coal  bed,  becomes  contin- 
uous with  a  higher  sandstone  and  extends  almost  to  the  Nineveh  lime- 
stone, replacing  the  other  beds.  The  Nineveh  limestone  retains  its 
thickness  to  the  western  line,  but  becomes  earthy.  The  Jollytown  lime- 
stone is  rarely  exposed  and  it  seems  to  be  quite  impure.  As,  seen  at  one 
place,  it  is  6  feet  thick  and  165  feet  below  the  Nineveh.    A  trace  of 
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coal  at  50  to  60  feet  below  it  may  be  at  the  JoUytown  horizon,  as  frag- 
ments of  brecciated  limestone  are  at  a  little  way  above  it,  and  a  thin  coal 
bed  at  about  60  feet  below  the  Dunkard  may  be  at  the  Boyd  horizon, 
which  carries  coal  at  a  little  way  south  in  West  Virginia.* 

THE  NORTHERN  PANHANDLE   OF   WEST   VIRGINIA 

Passing  westward  into  the  northern  panhandle  of  West  Virginia,  one 
finds  information  respecting  the  Dunkard  in  Marshall  and  Ohio  counties, 
adjoining  Greene  and  Washington.  The  lower  part  of  the  formation 
undoubtedly  extends  farther  north  into  Brooke  county.  At  a  few 
miles  east  from  Wheeling,  in  Ohio  county,  the  Middle  and  Lower  Wash- 
ington limestones,  each  20  feet  thick,  are  90  and  6  feet  above  the  Wash- 
ington coal  bed,  which  is  only  1  foot  3  inches  thick.  The  Washington 
and  Waynesburg  coal  beds  are  96  to  104  feet  apart,  the  Waynesburg  A 
is  50  feet  above  the  Waynesburg,  and  the  Cassville  shale  carries  4  feet 
of  limestone.  The  section  is  very  like  that  5  or  6  miles  east,  in  Washing- 
ton county.  Doctor  White  finds  the  Washington  coal  bed  3  inches  to  2 
feet  6  inches  at  Wheeling,  where  it  is  100  feet  above  the  Waynesburg. 

Doctor  White's  long  section  at  Moimdsville,  11  miles  south  from 
Wheeling,  reaches  upward  to  what  appears  to  be  the  Upper  Washington 
limestone,  224  feet  above  the  Washington  coal  bed.  That  coal  bed  is 
105  feet  above  the  Waynesburg.  A  thin  limestone,  53  feet  below  the 
upper  coal,  is  at  the  place  of  one  seen  at  Wheeling  under  Waynesburg 
A,  but  that  coal  bed  is  concealed.  The  Cassville  shale  contains  2  feet 
of  limestone  and  the  Waynesburg  sandstone  is  replaced  by  shale.  Five 
miles  farther  down  the  Ohio  river  the  Washington  coal  is  5  feet  thick. 
Thick  limestones  are  above  the  Washington  coal  bed,  but  it  is  diflBcult  to 
correlate  them.  Eed  beds,  10,  45,  and  45  feet,  are  at  94,  139,  and  199 
feet  above  the  coal,  the  last  underlying  the  limestone  taken  to  be  the 
Upper  Washington.  Bellton,  in  Marshall  county,  is  15  miles  southeast 
from  Moundsville  and  is  on  Fish  creek,  about  2  miles  west  from  the 
Pennflylvania  line.  There  one  has  Doctor  White's  section,  which  con- 
fiims  th€  measurements  in  the  southern  tier  of  townships  in  Greene 
county.    Some^ai  condensed  they  are: 

Feet  Inches 

1.  Windy  Gap  limestone 5           0 

2.  Shales    30            0 

3.  Windy  Gap  coal  bed Blossom 

4.  Shales,  sandstones,  concealed 275           0 

5.  Limestone   [XI    (?)] 3           0 

6.  Shales,  concealed    20           0 

•L  C.  White:  (K),  pp.  112,  113,  114. 
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Feet      Inches 

7.  Nineveh  coal  bed 1  0 

8.  Shale,  sandBtone  35  0 

9.  Nineveh  limestone  and  shale 10  0 

10.  Shale,  sandstone,  concealed 115  0 

11.  I/imestone  and  thin  coal  bed 0  9 

12.  Shale,  sandstone,  concealed 40  0 

13.  Coal  bed  1  0 

14.  Shales,  concealed 30  0 

15.  Dunkard  coal  bed 1  3 

16.  Limestone  IXd  5  0 

17.  Shales  13  0 

18.  Jollytown  limestone  2  0 

19.  Shales  and  sandstone 30  0 

20.  Ck>al  bed  [Boyd] 0  8 

21.  Upper  Washington  limestone 5  0 

22.  Shale,  sandstone   42  0 

23.  Fireclay  [place  of  Jollytown  coal  bed] 7  0 

24.  Shales,  sandstones 54  0 

25.  Coaly  shales  9  0 

20.  Sandstones,  shales  196  0 

27.  Washington  coal  bed 6  0 

28.  Shales,  sandstones,  thin  limestone 140  0 

fco  the  assumed  place  of  the  Waynesburg  coal  bed.  The  portion  below 
the  Upper  Washington  limestone  is  taken  from  the  record  of  an  oil 
boring.    Here  one  is  at  the  extreme  southeast  comer  of  the  county. 

The  Nineveh  coal  bed  is,  in  round  numbers,  230  feet  above  the  Dunk- 
ard; at  Board  Tree,  3  miles  southeast,  this  interval  is  203,  and  in  GU- 
more  township  of  Greene  only  172  feet.  The  Jollytown  limestone  is 
B48  feet  above  the  Washington  coal  bed,  the  loss  as  compared  with  central 
and  eastern  Greene  being  due  to  disappearance  of  most  of  the  rocks 
between  the  Jollytown  and  Upper  Washington.  The  interval,  Washing- 
ton to  Waynesburg,  has  increased  from  105  at  Moundsville  to  150  feet 
at  Board  Tree.  All  of  the  coals  have  become  insignificant;  the  Boyd 
horizon  still  carries  some  coal,  but  the  Jollytown  as  well  as  Washington 
A,  Waynesburg  A  and  B  is  either  absent  or  so  thin  as  to  be  overlooked 
by  the  drillers.  The  higher  limestones  have  become  insignificant  and 
those  between  the  Upper  Washington  and  the  Washington  coal  bed 
have  disappeared. 

Doctor  White  has  preserved  many  records  of  oil  borings  in  the  sonth- 
«m  part  of  Marshall  coimty.  At  Cameron,  5  miles  northwest  from 
Bellton,  the  Waynesburg  coal  bed  is  336  to  345  feet  above  the  Pitts- 
burg ;  a  coal  bed,  60  to  70  feet  higher,  is  at  the  place  of  Waynesburg  A, 
and  a  third,  at  321  feet  above  the  Waynesburg,  seems  to  be  at  the  place 
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of  the  "coaly  shales'*  in  the  Bellton  record.  The  Washington  coal 
does  not  appear  in  any  records  here.  In  Meade  district,  farther  west, 
where  the  Waynesburg  is  280  to  290  feet  above  the  Pittsburg,  the 
Washington  is  110  to  120  feet  higher  and  the  highest  bed  of  the  Cameron 
wells  is  247  to  265  feet  above  the  Waynesburg  coal  bed.* 

OHIO 

In  the  northern  part  of  Jefferson  county,  Ohio,  one  finds  near  Knox- 
rille  a  high  knob  retaining  78  feet  of  red  and  olive  shales,  above  the 
Waynesburg  coal  bed,  but  the  locality  is  too  far  away  from  any  other 
exposure  to  admit  of  correlation.  Farther  south,  in  Mount  Pleasant 
township,  110  feet  of  Dunkard  remain,  for  the  most  part  ill  exposed; 
but  in  that  as  well  as  Smithfield  township  the  Waynesburg  A,  evidently 
very  thin,  is  at  60  feet  above  the  Waynesburg,  the  interval  being  filled 
with  sandstone,  while  sandy  shale  overlies  the  upper  bed.  Limestone  is 
wholly  absent.  In  Belmont  county,  7  miles  southeast,  an  imperfect  sec- 
tion obtained  almost  opposite  Wheeling  shows  the  Washington  coal  bed 
at  95  feet  above  the  Waynesburg  and  4  to  6  feet  thick.  The  Cassville 
shale,  9  feet  6  inches  thick,  has  3  feet  of  limestone  on  top  underlying 
16  feet  of  Waynesburg  sandstone.  A  section  by  Mr  Henry  Newton,  at 
1  mile  farther  down  the  river,  shows  a  limestone  outcrop  at  30  feet 
above  the  Washington,  and  at  90  feet  there  begins  a  mass  of  shaly  sand- 
stone streaked  with  red  shale.  In  the  northern  part  of  the  county  the 
Waynesburg  A,  1  to  2  feet  thick,  is  shown  frequently  at  40  feet  above 
the  Waynesburg.  The  same  coal  is  reached  at  one  place  in  southeast 
Harrison,  where  it  is  50  feet  above  the  Waynesburg,  the  interval  being 
filled  with  sandstone. 

The  section  is  longer  in  southern  Belmont.  Professor  Brown's  care- 
fully leveled  section  was  obtained  at  Bellair,  4  miles  below  Wheel- 
ing.   It  is: 

Feet 

1.  Goal  bed  [Jollytown] 2 

2.  Concealed,  shale,  sandstone 144 

3.  Limestone    7 

i.  €k>al  bed  [Washington] 2 

5.  Ck>ncealed,  mostly  shale  64 

6.  Goal  bed  [Waynesburg  A] BloBBom 

7.  Goncealed    6 

8.  Limestone    2 

9.  Shale,  thin  limestone 45 

10.  [Waynesburg]  coal  bed 2 

*  J.  J.  SteTeneon:  (K),  p.  266,  and  anpublinhed  notes. 
I.  C  White :  U.  S.  Geol.  Survey  Bulletin,  no.  66,  pp.  25,  26,  27.    Catalogue  of  West 
Tlrgliilm  UnlTenlty  for  1888-1884,  pp.  55,  60,  61,  68.    Geology  of  West  Virginia,  vol.  la, 
VP.  216,  216,  217,  219,  221,  222. 
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Waynesburg  A  Ib  53;  Washington,  117,  and  JoUeytown  303  feet  above 
the  Waynesburg  coal  bed,  the  JoUytown  being  183  feet  above  the  Wash- 
ington. There  are  no  exposures  above  this  highest  coal  bed.  If  the 
highest  limestone  in  Doctor  White's  Moundsville  section  be  the  Upper 
Washington — and  the  decreasing  intervals  at  Cameron  and  in  Meade 
seem  to  leave  no  room  for  doubt  respecting  the  correlation — Number 
1  of  Professor  Brown's  section  must  be  the  Jollytown  coal  bed. 

Mr  Xewton's  section  at  Wegee,  3  miles  south  from  the  Moundsville 
section,  reaches  to  a  limestone  at  18  feet  above  the  Washington  coal; 
the  interval,  Washington  to  Waynesburg,  is  117  feet ;  the  place  of  Waynes- 
burg A  is  concealed,  but  there  is  a  limestone,  39  feet  above  the  Waynes- 
burg, answering  to  number  9  of  the  Bellair  section.  Doctor  White  ob- 
tained a  measurement  below  this,  in  the  river  hills,  and  found  the  Wash- 
ington and  Waynesburg  120  feet  apart,  with  the  interval  almost  wholly 
concealed.  Few  of  the  sections  away  from  the  river  go  above  the  Waynes- 
burg, but  one  in  Washington  township,  8  or  9  miles  back,  shows  the 
Waynesburg  A  at  46  feet  above  the  Waynesburg,  while  at  Bamesville, 
on  the  west  side  of  the  countv,  the  interval  is  42  feet  and  the  thin 
limestone  is  4  feet  below  the  coal.  Midway  between  Bellair  and  Bames- 
ville the  interval  is  53  feet,  as  at  Bellair,  filled  mostly  with  shale,  red 
in  the  bottom,  2  feet  6  inches.  The  place  of  the  Washington  is  seldom 
exposed,  but  the  blossom  was  seen  occasionally  at  100  feet  above  the 
Waynesburg.* 

Information  respecting  Muskingum,  Noble,  and  Morgan  counties  along 
the  western  outcrop  is  scanty.  The  Dunkard  is  wholly  without  economic 
interest  and  few  of  the  measured  sections  extend  above  the  Uniontown 
coal  bed.  In  southeast  Muskingum  a  limestone,  2  feet  thick,  is  101 
feet  above  the  Uniontown  and  thick  red  beds  at  10  feet  higher,  but 
no  coal  is  shown.  The  Waynesburg  A  is  mentioned  at  two  plac^  in 
Morgan  county  and  has  been  opened  at  one  where  it  is  double,  the 
benches,  16  and  24  inches,  separated  by  8  inches  of  shale.  It  is  about 
100  feet  above  the  Uniontown.  The  Waynesburg  sandstone  is  certainly 
here  being  the  second  conglomerate  of  Professor  Andrews.  No  sections 
by  Andrews  in  Noble  county  go  above  the  Uniontown,  but  he  notes  the 
occurrence  of  Waynesburg  A  in  the  southeast  comer.  Professor  Brown 
speaks  of  a  few  coal  blossoms,  one  in  Marion  at  113  feet  above  the 

*  E.  B.  Andrews :  Vol.  11,  pp.  546,  564,  555,  567. 
J.  J.  Stevenaon :  Vol.  111.  Jefferson,  pp.  760,  767 ;  Belmont,  pp.  271,  274,  277,  280 ; 
Harrison,  p.  202. 

H.  Newton :  Atlas  to  toI.  U,  chart  8,  flg.  18 ;  chart  4,  figs.  14,  18. 

I.  C.  White :  Catalogue  of  West  Virginia  UnlTersity,  pp.  60,  61,  63,  64. 

C.  N.  Brown:  VoL  tI,  p.  610. 


DUNKABD   FORMATION  133 

Uniontown,  which  is  apparently  at  the  place  of  Waynesburg  A,  the 
Bame  with  that  in  Broolcfield  at  55  feet  above  the  Waynesburg  coal 
bed  and  2  feet  6  inches  thick.* 

Monroe  county,  east  from  Noble,  is  south  from  Belmont  along  the 
Ohio  river.  Only  the  lowest  part  of  the  Dunkard  remains  in  the  west- 
em  townships,  but  the  section  lengthens  eastwardly  and  on  the  Ohio 
river  line  one  finds  the  highest  rocks  in  the  state.  In  Center  township 
Professor  Andrews  measured 

Feet       Inches 

1.  Red  beds,  with  a  thin  limestone 63  0 

2.  Concealed    31  0 

3.  Massive  sandstone 20  0 

4.  Coal  bed 0  6 

5.  Concealed   23  0 

a  Coal  bed  [Washington] 1  6 

7.  Shales    70  0 

8.  Coal  bed  [Waynesburg  A] Blossom 

9.- Interval  with  trace  of  [Waynesburg]  coal  bed    100  0 

10.  Coal  bed  and  partings  [Uniontown] 5  9 

11.  Interval    75  0 

to  the  Cement  limestone  above  the  Upper  Sewickley  coal  bed.  This  suc- 
cession is  characteristic  of  the  valley  of  Sunfish  creek ;  thence  to  the  Ohio 
river,  where,  at  Clarington,  Doctor  Whitens  section  shows  the  three  coal 
beds  65  and  98  feet  apart  and  the  Waynesburg  A  is  3  feet,  so  that  the 
Washington  is  166  feet  above  the  Uniontown  (Clarington)  coal  bed. 
Massive  sandstone  rests  on  the  Waynesburg  A  and  5  beds  of  red  shale  are 
within  190  feet  above  the  Washington.  All  are  rather  thin  and  the  total 
is  50  feet.  Limestone  seems  to  be  absent  from  Doctor  White's  section, 
which  extends  above  the  place  of  the  Upper  Washington.  The  JoUy- 
town  coal,  if  present,  is  concealed.  The  relations  here  are  very  nearly 
the  same  as  at  Bellair,  where  the  Washington  is  64  feet  above  the  Waynes- 
burg A.  Professor  Andrews  traced  the  Washington  and  Waynesburg 
A  into  the  northwest  comer  of  Salem  township,  where  the  beds,  70  feet 
apart,  are  2  feet  and  3  feet  8  inches  thick.     The  lower  bed  is  double. 

• 

Coal,  2  feet  8  inches ;  clay,  0  feet  2  inches ;  coal,  0  feet  8  incbea 

At  half  a  mile  north,  in  Switzerland  township,  the  Washington  coal  bed 
is  4  feet  thick  and  a  crumbling  limestone,  the  N'ineveh,  6  feet  2  inches 
thick,  is  368  feet  above  it  by  barometer,  the  dip  being  neglected.  A 
red  bed,  18  feet  thick,  and  a  massive  sandstone,  48  feet,  are  at  23  and 

•  B.  B.  Aodrewi :  Vol.  1,  pp.  811,  312,  342. 
C.  N.  Brown :  Vol.  ▼,  pp.  1066,  1069,  1075.  1077. 
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70  feet  below  the  limestone,  but  the  rest  of  the  interval  is  concealed. 
A  limestone  seen  elsewhere  was  supposed  to  be  about  150  feet  below  the 
Nineveh.  The  longest  section  in  the  state  is  that  measured  by  Professor 
Andrews  at  Baresville,  in  Ohio  township.    Somewhat  condensed,  it  is: 

Feet 

1.  Ck>al  bed  [Baresville]  Blonom 

2.  Concealed    145 

3.  Limestone  [Nineveh]   6 

4.  Shale    18 

5.  Sandy  limestone  2 

6.  Red  shale  14 

7.  Shale    41 

8.  Sandstone   36 

0.  Mostly  shales,  two  red  beds 84 

10.  Ck>al  bed  [ JoUytown]  Blossom 

11.  Shales,  sandstones,  quite  well  exposed 149 

12.  Goal  bed  [Washington]   1 

18.  Clay,  shale,  sandstone 20 

14.  Concealed   « . . . .     156 

15.  Sandstone  shale 18 

16.  Coal  bed  [Unlontown] 2 

ending  at  45  feet  above  the  Ohio  river.  The  highest  coal  bed  is  taken 
to  be  equivalent  to  that  seen  in  southwestern  Peimsylvania.  This  cor- 
relation is  especially  probable,  because,  unlike  the  lower  intervals  of 
the  Dunkard,  that  from  the  Nineveh  limestone  to  the  Qilmore  sandstone 
is  strangely  uniform  in  the  area  of  western  Greene  and  the  immediately 
adjacent  part  of  West  Virginia.  The  succession  below  the  Nineveh 
limestone  is  the  same  as  at  Switzerland.  The  same  limestone  is  seen  on 
the  opposite  side  of  the  river,  where  Doctor  White  made  the  interval 
382  feet  to  the  Washington  coal  bed;  the  difference  is  due,  no  doubt,  in 
part  to  neglect  of  dip  and  in  part  barometric  variations,  for  the  measure- 
ment is  not  direct  in  either  case.  Doctor  White  long  ago  correlated  this 
limestone  with  the  Nineveh,  and  his  suggestion  has  been  confirmed  by 
the  observations  in  northern  West  Virginia,  which  show  one  constant 
limestone  horizon  between  the  place  of  the  Upper  Washington  and  the 
Qilmore  sandstone.  The  exposure  appears  to  be  practically  complete 
at  Baresville  between  the  JoUjrtown  and  Washington  coal  beds,  but  there 
is  no  red  shale  present,  which  accords  with  the  New  Martinsville  section 
on  the  opposite  side  of  the  river,  where  the  red  beds  are  so  insignificant 
that  they  miglit  be  overlooked.  The  interval  between  the  Washington 
and  TJniontown  coal  beds  is  24  feet  more  than  in  Center  township. 
The  Waynesburg  A  is  concealed  here  as  well  as  at  Sardis,  in  the  southern 


DUNKABD   FORMATION  135 

part  of  the  township,  where  the  Washington,  190  feet  above  the  Union- 
town,  is  double  and  2  feet  3  inches,  including  a  clay  parting  of  3  inches. 
In  the  extreme  southern  part  of  the  county,  on  the  river  and  about 
2  miles  west  from  Sistersville,  in  West  Virginia,  the  interval  is  still  190 
feet  and  only  a  trace  of  the  Waynesburg  A  remains.  A  massive  sand- 
stone overlies  Waynesburg  A  and  underlies  36  feet  of  red  shale.* 

On  the  western  border  of  Washington  county,  south  from  Monroe, 
the  Waynesburg  sandstone,  240  feet  above  the  Pittsburg  coal  bed  and 
30  to  60  feet  thick,  is  40  to  60  feet  above  the  Uniontown  (Hobson)  coal 
bed.  In  Decatur  township  this  sandstone  overlies  a  trace  of  the  Waynes- 
burg coal,  and  in  Fairchild  there  is  an  impure  limestone  at  10  feet  above 
it.  Along  the  northern  border  of  the  county  Professor  Andrews's  sec- 
tions extend  to  only  a  few  feet  above  the  Uniontown  coal,  except  in 
one  case,  where  a  limestone  in  red  shale  is  noted  at  91  feet  above  the 
Waynesburg  coal,  which  is  147  feet  above  the  Upper  Sewickley.  This  is 
the  red  sometimes  found  under  the  Washington  coal.  In  Liberty  town- 
ship, about  14  miles  west  from  the  Ohio  river,  Mr  Minshall  measured 

*■  Feet  Inches 

1.  Sbales  and  sandstones  100           0 

2.  Goal  bed  [ Jollytown] 1           8 

8.  Shales,  sandstones  140           0 

4.  Goal  bed  [Washington]   2           6 

6.  Shales,  limestone,  sandstone 59           0 

6.  Goal  bed  [Waynesburg  A] 1  3 

7.  Limestone,  shales   66  0 

8.  Pebbly  sandstone   [Uniontown] 28  0 

9.  Shales 6  0 

10.  Goal  bed  [Uniontown]  

The  interval,  Uniontown  to  Washington,  is  160  feet,  10  feet  less  than 
in  Center  of  Monroe,  16  miles  north,  and  30  feet  less  than  at  Baresville, 
while  that  between  Washington  and  Jollytown  is  only  9  feet  less  than 
at  Baresville,  14  miles  northeast.  On  the  Ohio  river  about  2  miles 
south  from  the  Monroe  county  line  and  almost  due  east  from  Mr  Min- 
fihall's  section.  Professor  Andrews  found 

Feet 

1.  Goal  and  shale  [Jollytown] 5 

2.  Goncealed   150 

3.  Goal  bed  [Washington]  Blossom 

4.  Goncealed   18 

6.  Limestone Not  measured 

6.  Goncealed  to  Ohio  river 68 

•  JD.  B.  Andrews :  Vol.  U,  pp,  678,  686,  680,  687,  map  18,  figs.  0,  10,  11,  23. 
I.  C.  White:  Catalogae,  pp.  68,  64,  69. 
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Doctor  White  has  a  section  near  Grandview,  4  miles  farther  down  the 
river,  in  which  the  Washington  coal  bed  is  150  feet  above  low  water, 
the  rocks  rising  in  this  direction,  and  at  3  miles  farther  down  he  finds 
on  the  West  Virginia  side  the  Washington  at  160  to  160  feet  above 
the  Union  town.  In  the  Grandview  section,  obtained  on  a  steep  hill 
overlooking  the  river,  the  measurement  reaches  to  370  feet  above  the 
Washington,  but  does  not  reach  the  Nineveh  limestone;  so  that  the 
measurement  at  New  Martinsville  is  to  be  accepted  rather  than  those 
by  Professor  Andrews.  A  mark  of  coal  is  at  250  feet  above  the  Wash- 
ington, but  the  Jollytown,  if  present,  is  concealed.  There  is  no  sandstone 
in  the  Waynesburg  interval  and  the  Washington  coal  bed  rests  on  10 
feet  of  red  shale.  The  sandstones  of  the  section  are  mostly  fine  grained 
and  laminated  and  the  massive  grindstone  beds  of  the  Marietta  region 
seem  to  be  unrepresented.  As  stated  on  a  preceding  page,  the  red  beds 
are  numerous,  beginning  at  15  feet  above  the  Washington  coal  bed;  there 
are  5  beds  in  330  feet,  in  all  65  feet  thick.  The  Cowrun  anticline,  or 
"Oil-break,"  is  crossed  by  the  Ohio  river  at  a  few  miles  below  Grandview, 
and  Dunkard  rocks  are  reached  again  only  as  one  approaches  Marietta. 

At  about  3  miles  west  from  the  Grandview  section  the  Waynesburg 
is  represented  by  a  laminated  sandstone  40  feet  above  the  Uniontown 
(Hobson)  coal  bed,  and  a  massive  rock,  rather  coarse  and  30  feet  thick, 
is  at  102  feet  above  that  bed.  A  coal  bed  is  reported  in  Muskingum 
township  at  114  feet  above  what  is  taken  to  be  the  Uniontown  (Hobson) 
coal  bed;  this  is  west  from  the  anticline.  The  higher  bed  underlies 
36  feet  of  reds,  and  another  red  bed,  resting  on  2  feet  of  limestone,  is 
56  feet  higher.  The  Uniontown  seems  to  be  recognizable  in  Barlow, 
on  the  Meigs  County  border,  where  a  thick  red  is  at  140  feet  above  it. 
The  Washington  coal  bed  is  present  in  Marietta  township  and  the  asso- 
ciated rocks  are  shown  along  the  river  just  below  Marietta,  in  Warren 
township,  where  Professor  Andrews  found  the  coal  bed  at  46  feet  above 
the  river  with  tlie  grindstone  beds  above  it.  Farther  down  is  Doctor 
Whitens  section: 

Feet 

1.  Sandstone,  quarried  for  grindstones 45 

2.  Concealed,  some  red  marly  sbale 30 

3.  Gray  sandy  shale 10 

4.  Sandstone,  quarried  for  grindstones 45 

5.  Shale    3 

6.  Ck>al   bed    [Washington] 1 

7.  CJoncealed    GO     * 

8.  Ck>ar8e  massive  sandstone  to  low  water 15 
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The  grindstone  beds^  the  Marietta  sandstones  of  I.  C.  White,  are  thicker 
than  where  they  are  shown  just  below  Marietta;  they  are  absent  from 
the  few  recorded  sections  west  from  the  Ohio.  The  lowest  member  of 
Doctor  White's  section  may  be  taken  as  the  Waynesburg  sandstone,  which 
farther  down  the  river  becomes  so  prominent.  As  the  course  of  the  river 
changes,  the  rocks  fall,  and  at  7  miles  down  below  Marietta  the  Wash- 
ington coal  bed  is  but  20  feet  above  low  water.  A  higher  coal  bed  is 
reported  here  by  Professor  Andrews,  but  the  interval  is  not  given.  The 
Washington  coal  is  in  the  river  bed  at  Belpre,  opposite  Parkersburg, 
but  the  river  changes  its  direction  there  and  within  4  miles  the  coal  is 
90  feet  above  low  water  and  25  feet  above  a  massive  pebbly  rock,  exposed 
for  20  feet.  This  at  times  is  continuous  below  with  the  Waynesburg 
sandstone,  giving  a  thickness  of  100  feet  and  practically  filling  the  inter- 
val from  the  Washington  to  the  place  of  the  Waynesburg  coal  bed.* 

The  Waynesburg  sandstone,  260  feet  above  the  Pittsburg  coal  bed  and 
occasionally  resting  on  a  thin  representative  of  the  Waynesburg  coal  bed, 
is  present  in  eastern  Athens  county.  Professor  Brown  found  a  coal 
blossom  at  135  feet,  above  the  Uniontown,  or  330  feet  above  the  Pitts- 
burg. The  Dunkard  should  be  present  within  a  considerable  area  in 
eastern  Meigs,  south  from  Athens  and  Washington,  but  there  is  little 
available  information  respecting  it.  Professor  Lovejoy  has  traced  the 
Waynesburg  sandstone  into  the  county,  finding  it  coarse  and  30  to  50  feet 
thick,  with  occasionally  the  Waynesburg  blossom  under  it.  In  two 
townships  he  finds  a  coal  blossom  at  110  feet  above  the  Waynesburg 
blossom.  Professor  Andrews  notes  a  coal  bed,  approximately  336  feet 
above  the  Pittsburg,  in  Sutton  township,  and  in  Chester,  about  3  miles 
north  from  the  river,  he  measured 

Feet 

1.  Shale  50 

2.  Sandstone  and  shale 11 

3.  CJoal  bed  [Washington]    2 

4.  Clay  and  shale 5 

5.  Sandstone  and  conglomerate 49 

6.  Shales    46 

7.  Sandstone  and  shale 35 

At  Lebanon  the  coal  bed  is  3  feet  thick  and  160  feet  above  the  Ohio 
river.  The  conglomerate  sandstone,  rising  or  falling  according  to  the 
course  of  the  river,  was  followed  by  Doctor  White  from  the  Washington 
line  to  about  16  miles  east  from  Pomeroy,  where  it  passes  under  the  river 

•  E.  B.  Andrews :  Vol.  11,  pp.  461.  462,  463,  466,  466,  467,  472,  477,  505. 
I.  C.  White:  Catalogue,  pp.  78,  74,  80,  82,  83. 
F.  W.  Mlnshall  cited  by  I.  C.  White :  Bulletin  no.  66,  p.  29. 
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bed  with  the  Washington  coal  bed  at  40  feet  above  it.  It  comes  up  again 
at  Letart  Falls,  and  at  Antiquity  it  is  exposed  to  the  thickness  of  40 
feet,  its  bottom  being  240  feet  above  the  Pittsburg  coal  bed  as  measured 

in  a  shaft.* 

WB8T  VIRGINIA 

Eetuming  now  to  the  eastern  border  in  West  Viiginia. 

The  surface  observations  thus  far  available  are  comparatively  few, 
as  the  studies  have  been  confined  almost  wholly  to  economic  matters. 
Doctor  White  has  recorded  incidental  observations  along  the  middle 
of  the  great  trough,  showing  clearly  that  he  has  traced  the  more  impor- 
tant higher  horizons  from  the  Pennsylvania  line  southwestwardly  through 
western  Monongalia,  Marion,  and  Harrison,  eastern  Wetzel,  Tyler,  and 
Doddridge  counties,  where  the  Oilmore  sandstone  caps  most  of  the  highest 
hills,  on  some  of  which  there  still  remain  the  Windy  Qap  limestone  and 
a  higher  sandstone,  which  is  exposed  at  only  one  place  in  Pennsylvania. 
The  Jackson  limestone,  100  to  120  feet  below  the  Windy  Gap  limestone, 
extends  into  Wetzel  county.  The  Nineveh  coal  bed  has  been  recognized 
in  Monongalia  and  Wetzel  counties,  where  it  is  from  6  to  25  inches 
thick  and  yields  excellent  coal.  The  Nineveh  limes);one  is  persistent, 
appearing  wherever  its  place  is  exposed  as  far  south  as  Jackson  county 
and  possibly  almost  to  the  Great  Kanawha  river.  The  Dimkard  coal 
bed  and  another,  either  the  Boyd  or  JoUytown,  are  present  to  a  consider- 
able distance  from  the  Pennsylvania  line.  The  Tipper  Washington  lime- 
stone disappears  quickly,  the  Lower  seems  to  be  present  almost  to  the 
line  of  the  Baltimore  and  Ohio  railroad  in  Harrison  county,  but  the 
Middle  Washington  and  Blacksville  appear  to  be  practically  wanting 
throughout.  Notes  respecting  lower  formations  are  given  in  some  of  the 
well  records. 

The  Washington  coal  bed  is  present  in  Monongalia  and  Marion 
counties  on  the  northeast  side  of  the  area,  retaining  its  characteristic 
features  throughout.  Near  Farmington,  in  the  latter  county,  it  is  10 
feet  9  inches  thick,  with  14  layers  of  coal  and  shale.  A  single  record  in 
Marion  county  gives  the  interval  to  the  Waynesburg  as  143  feet,  with  the 
Waynesburg  A  at  45  feet  above  the  lower  bed.  The  Waynesburg  sand- 
stone, 35  to  62  feet  thick,  is  a  well  marked  horizon  in  all  of  the  records 
and  it  frequently  cuts  out  the  Cassville  shale.  No  record  gives  details 
above  the  Washington  coal  bed  and  those  giving  details  below  that  coal 

•  B.  B.  Andrews :  Vol  1,  pp.  268,  259,  268. 
I.  C.   White:   Catalogue,   p.   83. 
C.  N.  Brown  :  Vol.  r,  p.  1062. 
B.  M.  Lovejoy:  Vol.  vl,  p.  627.  628. 
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show  no  red  beds.  The  Wetzel  county  records,  though  very  numerous, 
give  little  information  respecting  the  Dunkard.  The  Nineveh  limestone 
in  the  northeast  comer  of  the  county  is  615  feet  above  the  Waynesburg, 
which  is  340  feet  above  the  Pittsburg.  The  Waynesburg  coal  bed  be- 
comes an  uncertain  horizon  in  this  cbunty,  but  it  is  often  recorded  on 
the  east  side,  where  it  is  340  to  350  feet  above  the  Pittsburg,  and  the 
Wajshington  varies  little  from  515,  or  170  feet  above. the  Waynesburg. 
Midway  in  the  county  the  Washington  is  usually  about  475  feet  above 
the  Pittsburg,  and  exposures  above  a  boring  at  Pine  Qrove  show  it  221 
feet  above  the  Uniontown  coal  bed  of  that  record.  The  Washington  is 
exposed  at  many  places  between  Pine  Grove  and  New  Martinsville,  on  the 
Ohio  river,  and  it  is  mined  for  domestic  use,  though  it  yields  only  a 
small  proportion  of  good  coal.  On  the  northern  border  of  the  county, 
at  10  miles  east  from  the  Ohio  river,  the  Washington  is  109  feet  above 
the  thin  Waynesburg  and  446  feet  above  the  Pittsburg,  but  near  the 
river,  just  over  the  line  in  Marshall  county,  the  Waynesburg  is  only 
306  feet,  so  that  the  Washington  would  be  not  more  than  410  feet  above 
the  Pittsburg,  or  about  175  feet  above  the  Uniontown.  The  Washington 
is  exposed  at  several  places  along  the  river  and  is  mined  at  New  Martins- 
ville, where  it  is  382  feet  below  the  Nineveh  limestone.  Red  beds,  though 
numerous,  are  comparatively  unimportant  in  Wetzel  county,  and  are 
rarely  more  than  5  feet  thick.* 

The  Washington  coal  bed  seems  to  be  persistent  in  western  Harrison 
county,  and  it  has  been  mined  at  places  along  the  Baltimore  and  Ohio 
railroad.  In  the  northwestern  part  of  the  county  it  rests  on  a  thick 
sandstone,  and  red  beds  5  and  90  feet  thick  are  at  6  and  50  feet  above  the 
coal.  The  Waynesburg  A  rests  on  11  feet  of  reds,  and  a  bed  20  feet 
thick  overlies  the  place  of  the  Wajmesburg  coal.  At  Sedalia,  in  Dodd- 
ridge county,  a  diamond-drill  core  shows  neither  coal  nor  red  shale  in 
189  feet  above  the  Uniontown  coal  bed,  but  at  3  or  4  miles  west  the 
Washington  coal  is  190  feet  above  the  Uniontown,  and  two  red  beds, 
60  and  12  feet,  are  at  20  and  123  feet  below  it,  both  in  the  Dunkard. 
Another  bed,  10  feet  thick  and  100  feet  above  the  Uniontown,  is  in  a 
well  on  the  western  side  of  the  coimty  where  the  others  are  wanting. 
A  well  near  the  Tyler  line  shows  the  Washington  504  feet  above  the 
Pittsburg,  64  feet  less  than  in  northwest  Harrison  county.  That  coal  bed 
is  present  in  Doddridge  southward  to  beyond  the  Baltimore  and  Ohio 
railroad  and  it  is  mined  in  a  small  way  at  many  places.  It  is  double 
or  triple  and  always  yields  poor  coal. 

•  I.  C.  White :  Catalosae,  pp.  67,  69.  West  Virginia  Geology,  yol.  1,  pp.  28S,  241 ; 
▼ol.  la,  pp.  127,  12S,  178,  202,  212,  218 ;  vol.  U,  pp.  106,  107,  109,  110,  112,  114,  187. 
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Near  the  eastern  border  of  Tyler  county,  northwest  from  Doddridge, 
the  Washington  seems  to  be  about  465  feet  above  the  Pittsburg  and  the 
Waynesburg  A  is  about  65  feet  lower.  A  detailed  section  at  Wick  shows 
the  Washington  191  feet  above  the  TJniontown,  with  red  beds,  46,  23, 
and  50  feet  thick  at  35,  225,  and  260  feet  above  it,  and  another  of  15 
feet  at  95  feet  below  it.  The  interval  to  this  lower  red  is  filled  almost 
wholly  with  sandstone.  Massive  sandstones  15,  38,  20,  and  60  feet 
thick  are  at  20,  115,  135,  and  165  feet  above  the  Washington,  the 
first  three  certainly  falling  within  the  Marietta  interval.  Here  the 
Washington  is  444  feet  above  the  Pittsburg.  At  a  few  miles  northwest 
in  Ohio,  opposite  Sistersville,  this  interval  has  decreased  to  407  feet. 
Doctor  White's  section  on  the  Ohio  river  9  miles  below  New  Martins- 
ville shows  red  beds  10,  10,  16,  6,  10,  5,  and  35  feet  thick  at  70,  92,  117, 
232,  333,  and  348  feet  above  the  Washington  coal  bed,  the  last  being 
that  under  the  Nineveh  limestone.  Only  the  fourth  bed  is  recorded  at 
Wick.  The  Marietta  sandstones  are  insignificant.  At  Middleboume, 
midway  in  the  county,  the  well  records  show  the  Washington  at  185 
to  190  feet  above  the  TJniontown,  as  at  Sardis,  Ohio,  10  miles  north. 

In  Pleasants  county,  west  from  Tyler,  one  approaches  the  "Oil  break," 
and  the  rocks  rise  rapidly  toward  the  west,  so  that  the  oil  borings  seldom 
begin  in  Dunkard  rocks.  The  only  available  information  is  Doctor 
White'  s  section  on  the  Ohio  river  at  Raven  rocks,  about  3  miles  below 
the  Tvler  line,  where  are  two  massive  sandstones  20  and  45  feet  thick 
at  63  and  123  feet  above  the  Washington  coal  bed  and  therefore  in  the 
Marietta  interval ;  there  are  at  least  30  feet  of  red  rock  in  48  feet  above 
the  coal  bed.  These  sandstones,  evidently  the  Upper  and  Middle  Proctor 
of  Doctor  White's  earlier  studies,  have  been  seen  frequently  along  the 
river  and  they  are  reported  as  present  at  many  places  in  the  interior 
from  Marshall  county  southward.  A  variable  sandstone  makes  its  appear- 
ance below  the  Washington  coal  bed  which  becomes  coarse  bevond 
Parkersburg,  where  the  Waynesburg  sandstone,  wholly  unimportant  in 
much  of  Wetzel,  Harrison,  Doddridge,  Tyler,  and  Pleasants,  becomes 
an  important  member  of  the  section.  The  interval,  Washington  to 
TJniontown,  is  about  160  feet  at  Baven  rock,  20  feet  less  than  at  the  last 
recorded  measurement  in  Tyler  and  very  nearly  the  same  as  in  northern 
Washington  of  Ohio.* 

In  Ritchie  county,  south  from  Tyler  and  Pleasants  and  west  from 
Doddridge,  there  is  nothing  above  the  Washington  coal  bed  except  a 
dismal  succession  of  shales  and  sandstones,  all  variable  to  the  last  degree. 

<  I.  C.  Wblte :  Catalogue,  pp.  71-74.  Geology  of  West  Virginia*  vol.  1,  pp.  828,  829, 
882;  Tol.  ia,  pp.  240,  260,  268. 
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The  Marietta  interval  is  as  variable  as  the  rest,  but  at  most  localities  it 
contains  sandstone  and  occasionally  that  rock  predominates.  A  great 
sandstone  is  usually  present  at  40  to  50  feet  below  the  Wasbiugt*)-!  coal, 
and  it  is  sometimes  continuous  with  the  Uniontown  sandstoiKJ  below. 
The  Washington  coal  seems  to  be  persistent  throughout  the  county,  being 
reported  at  many  places  by  both  White  and  Stevenson;  it  is  1  foot  to 
2  feet  9  inches  thick  and  usually  double.  Records  giving  details -above 
the  Washington  are  few,  but  they  show  that  the  red  beds  are  as  variable 
as  the  rest;  for  in  three  wells,  reds,  26,  35,  and  50  feet  are  at  44,  100, 
and  130  feet  above  the  coal;  but  each  is  in  only  one  well,  its  place  in  the 
others  being  filled  with  sandstone.* 

Wood  county,  west  from  Ritchie  and  Pleasants,  adjoins  Washington 
of  Ohio.  The  Washington  coal  bed,  thin  and  slaty,  is  in  the  Ohio  river 
at  Parkersburg  with  one  of  the  Marietta  sandstones  at  90  feet  above 
it.  The  persistent  Nineveh  limestone  is  in  the  hills,  3  or  4  miles  east 
from  the  river,  where  a  well  record  shows  a  great  sandstone,  119  foot 
thick,  at  236  feet  below  the  limestone  and  10  feet  above  a  coal  bed.  Tliis 
direct  measurement  gives  as  interval  between  the  limestone  and  the  coal 
bed,  365  feet,  placing  the  coal  at  the  Washington  horizon  and  the  sand- 
stone in  the  Marietta  interval.  A  great  mass  of  red  shale  underlies  the 
Nineveh  limestone;  a  bed  16  feet  thick  rests  on  the  Marietta  sandstone 
and  a  thin  bed  is  at  5  feet  above  the  Washington.  This  coal  bed  rests 
on  55  feet  of  red,  with  at  55  feet  lower  a  great  sandstone  belonging 
mostly  to  the  Uniontown;  but  the  section  is  excessively  variable.  At  3 
miles  northeast  the  Marietta  sandstone  is  wanting,  and  for  200  feet 
above  the  coal  one  finds  an  alternation  of  red  and  other  shales,  with 
the  beds  differing  even  in  adjacent  wells;  thus  one  well  shows  two  beds 
of  red,  100  and  40  feet,  while  another  only  a  few  rods  away  has  60  and 
20  feet  in  the  same  interval.  But  it  is  sufficiently  evident  that  red  shales 
are  in  greatly  increased  thickness,  both  above  and  below  the  Washington 
coal.  bed.  The  Nineveh  limestone  is  exposed  in  eastern  Wood,  at  the 
comer  of  Wood,  Jackson,  and  Wirt  counties,  as  a  mass  of  limestone  and 
calcareous  shale  30  feet  thick.-|- 

There  is  practically  no  detailed  information  for  counties  south  from 
those  already  followed.  Dunkard  is  certainly  present  in  Jackson,  Wirt, 
Boane,  Calhoun,  and  Gilmer,  and  no  doubt  it  crosses  the  Great  Kanawha 
river.  Doctor  White  has  recognized  the  Marietta  sandstones  in  the 
counties  named,  and  the  Washington  coal  bed  has  been  opened  at  many 

*  Geology  of  West  Virginia,  toI.  1.  pp.  311,  313,  317 ;  vol.  la,  pp.  406.  416,  431,  434, 
485;  vol.  11,  p.  114. 

t  Geology  of  West  Virginia,  yol.  1,  pp.  291,  204,  2d5,  296 ;  toI.  11,  p.  109. 
XI — ^BULL.  GiOL.  See.  Am.,  Vol.  18,  1906 
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places  in  Boane  county;  for,  though  only  12  to  24  inches  thick  it  is 
the  only  coal  bed  in  the  region.  It  is  hardly  probable  that  the  succes- 
sion will  ever  be  worked  out.  The  limestones  and  coal  beds,  with  the 
exception  of  the  Washington,  have  all  disappeared,  the  sandstones  are 
indefinite,  and  the  red  beds  are  inconstant  to  the  last  degree.  To  follow* 
the  section  with  any  degree  of  certainty  seems  almost  impossible.  In 
this  part  of  the  field  there  are  no  natural  division  planes  above  the 
Allegheny. 

Geographical  Changes  during  the  Pennsylvanian* 

Toward  the  close  of  the  Devonian,  the  Appalachian  water  area  had 
decreased  to  a  basin  at  the  east,  70  to  80  miles  wide  at  most,  extending 
from  the  Catskill  mountains  of  New  York  across  Pennsylvania,  Mary- 
land, and  Virginia  to  a  short  distance  beyond  New  river,  in  the  last 
state.  The  Catskill  beds,  deposited  in  this  narrow  basin,  which  in  south- 
em  Pennsylvania  reached  westwardly  only  to  Laurel  hill,  about  60  miles 
east  from  the  western  boundary  of  the  state,  are  red  to  green  shales  and 
sandstones,  fine  grained  and  argillaceous,  many  of  them  little  more  than 
indurated  clay  beds.f 

The  close  of  the  Devonian  was  marked  by  elevation  at  the  east  and 
slow  subsidence  toward  the  west  and  south — a  reversal  of  the  conditions 
prevailing  during  the  later  Devonian.  The  earlier  Mississippian  deposits, 
comparatively  coarse  on  the  easterly  side  to  beyond  New  river,  in  Vir- 
ginia, eventually  reached  far  into  Ohio.  The  subsidence  toward  the 
west  was  not  of  long  continuance  in  the  northern  part  of  the  basin  and 
was  followed  by  elevation  on  that  side,  so  that  the  western  limit  of  each 
Mississippi  formation  in  Ohio  and  northern  Kentucky  is  east  from 
that  of  its  predecessor ;  but  the  subsidence  continued  toward  the  south  for 
a  much  longer  period,  and  the  later  Mississippian  overlaps  even  the 
earlier  Devonian,  while  its  limestones  pass  into  sandstone  in  approaching 
the  old  land  area  of  eastern  and  southern  Alabama,  though  even  there 
some  elevation  occurred  before  this  time  closed.  The  narrowing  of  the 
basin  brought  about  conditions  at  the  close  of  the  Mississippian  resem- 
bling those  at  the  close  of  the  Devonian. 

*  As  the  writer  is  preparing  another  work,  In  which  the  facts  thus  far  gathered  wlU 
be  discussed  in  their  bearing  upon  the  origin  of  coal  and  the  accumulation  of  coal 
beds,  it  is  necessary  here  only  to  summarize  the  varying  relations  of  land  and  water 
during  PennHylvanlan  time. 

t  The  term  Catskill  is  used  here  as  by  Vanuxem,  who  first  defined  and  named  the 
"Catskill  group."  It  has  no  reference  to  color  of  the  beds,  which  is  due  to  a  condition 
beginning  in  New  York  at  the  close  of  the  Hamilton  and  thence  gradually  extending 
southward  until,  at  the  close  of  the  Devonian,  it  prevailed  throughout  the  area  of 
deposit. 
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That  all  but  an  insignificant  part  of  the  Appalachian  basin  had  be- 
come dry  land  at  the  beginning  of  the  Pennsylvanian  was  suspected  long 
ago.  In  1874  Professor  Newberry  *  thought  that  some  of  the  West  Vir- 
ginia coal  beds  were  older  than  the  Ohio  conglomerate,  and  in  the  follow- 
ing year  Professor  Andrews  f  asserted  respecting  certain  plants  obtained 
at  the  bottom  of  the  Ohio  colimm  that  "their  stratigraphical  position 
is  more  than  2,000  feet  above  the  base  of  the  series  as  revealed  in  the 
geosjrnclinal  basin  of  West  Virginia,  which  was  first  filled  with  strata 
of  the  Coal  Measures  before  any  similar  formations  took  place  upon  the 
ancient  marginal  Waverly  plateau  of  Ohio/'  A  year  later  Mr  Maury,J 
making  use  of  measurements  by  Professors  W.  B.  Eogers  and  W.  M. 
Fontaine,  called  attention  to  the  great  difference  in  extent  of  the  deposits 
in  the  northern  and  southern  parts  of  the  basin ;  but  the  erroneous  con- 
ceptions concerning  correlation  then  prevailing  prevented  him  from 
recognizing  the  full  value  of  his  data.  Fifteen  years  afterward  Doctor 
White  §  compared  the  Ohio  and  Pennsylvania  Pottsville  with  that  of 
West  Virginia  and  indicated  the  vast  thickness  in  West  Virginia  of 
rocks  below  the  Jackson  Shaft  coal  horizon  of  Ohio,  illustrating  his 
understanding  of  the  relations  by  a  diagram.  In  the  interim  Mr  Les- 
quereux  ||  had  tabulated  the  distribution  of  plants  obtained  from  Penn- 
sylvania and  had  shown  the  existence  of  horizons  in  Tennessee  below  those 
of  Ohio,  and  had  compared  the  lower  horizons  with  those  in  the  anthra- 
cite region  of  Pennsylvania.  It  was  reserved  for  Mr  David  White,  after 
study  of  fossil  plants  collected  systematically  in  many  portions  of  the 
basin,  to  present  the  conclusion  in  definite  form  and  to  determine  the 
relation  of  the  earlier  anthracite  deposits  to  deposits  in  other  parts  of 
the  great  area.1I  His  studies,  based  primarily  upon  paleontology,  led 
to  practically  the  same  conclusions  with  those  reached  by  the  writer 
from  study  of  stratigraphy  and  presented  in  the  following  pages.  The 
two  lines  of  investigation  have  not  led  in  all  cases  to  full  agreement 
in  correlation,  but  it  must  be  conceded  that  the  disagreements  are  con- 
fined mostly  to  localities  where  the  stratigraphical  evidence  is  incom- 
plete. 

At  the  beginning  of  the  Pennsylvanian  the  water  area  was  confined 
to  lakes  on  the  eastern  side  of  the  basin,  one  in  northeastern  Pennsvl- 

•J.  8.  Newberry:  Geology  of  Ohio,  toI.  II,  1875,  p.  167. 

t  B.  B.  Andrews :  Paleontology  of  Ohio,  toI.  11,  1876,  p.  415. 

X  M.  F.  Maury,  Jr. :  Resources  of  West  Virginia,  1876,  p.  187. 

I  I.  C.  White :  U.  8.  Oeol.  Surrey  Bulletin,  no.  65,  1891,  p.  182. 

I  L.  Lesquereuz :  Coal  flora  of  the  Carboniferous  formation  of  Pennsylyanla  and 
throughout  the  United  States,  1880,  pp.  636  et  seq. 

f  D.  White:  Deposition  of  the  Appalachian  Pottsville.  Bull.  Geol.  Soc.  Am.,  toL  16, 
1005,  pp.  267  to  282,  and  map. 
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vania,  another  in  West  Virginia  and  Virginia,  and  possibly  a  third  in 
eastern  Alabama,  though  evidence  for  the  last  is  very  indefinite.  The 
lakes  were  bordered  by  flats  covered  with  Shenango  muds,  while  farther 
away  on  each  side  were  rocks  of  greater  age.  That  the  land  on  the  west 
side  had  been  exposed  for  a  long  period  to  subaerial  erosion  is  evident 
from  the  existence  of  deep  valleys,  clearly  shown  for  Kentuck}-  and  Ohio 
in  sections  by  Andrews,  Bead,  Crandall,  Sullivan,  and  Campbell;  for 
Tennessee  and  Pennsylvania  by  Hayes,  D.  White,  W.  6.  Piatt,  and  other 
observers.  The  highland  of  the  basin  was  in  New  York  and  western 
Pennsylvania.  From  the  latter  the  surface  declined  gently  westward  into 
the  broad  valley  of  eastern  Ohio  and  eastward  to  the  deep  valley  now 
occupied  by  the  Southern  Anthracite  field.  Toward  the  south  the  decline 
was  long  and  gradual,  with  more  rapid  descent  on  the  east  than  on  the 
west  side.  The  great  depth  of  the  northern  valley  basin  and  the  steep- 
ness of  its  immediately  bounding  slope  at  the  west  are  evident,  because^ 
even  at  the  close  of  the  Eockcastle,  deposits  reached  barely  into  the 
Northern  Anthracite  field.  The  land  was  trenched  by  great  valleys,  hun- 
dreds of  miles  long,  ending  in  bays,  some  of  which  opened  into  the 
Atlantic,  others  into  the  interior  sea. 

The  northern  lake  basin  containing  the  Pocahontas,  or  lowest  beds  of 
the  Rockcastle,  included  the  Southern  and  much  of  the  Western  Middle 
Anthracite  fields.  This,  first  made  evident  by  Mr  David  White's  studies, 
is  equally  evident  from  the  stratigraphical  conditions.  The  southern 
lake  basin  may  have  been  somewhat  larger  than  indicated  by  Mr  White, 
who,  out  of  abundant  caution,  did  not  place. the  boundary  beyond  that 
indicated  by  undoubted  evidence  in  his  possession.  The  stratigraphical 
evidence  seems  to  justify  farther  extension  southward  to  very  near  the 
Tennessee  line,  at  least  for  the  higher  beds.  The  basin  thus  extended 
would  be  about  100  miles  long,  with  an  extreme  width  in  southern  West 
Virginia  of  not  more  than  60  miles.  These  small  basins,  now  separated 
by  an  interval  of  300  miles,  may  have  been  united;  but  if  they  were, 
the  connecting  water  strip  must  have  been  very  narrow,  for  even  in 
southern  Pennsylvania  the  Sharon  sandstone,  the  latest  Rockcastle  de- 
posit,  is  the  oldest  bed  in  Broad  Top  of  Pulton  county. 

The  eastern  shoreline  of  the  northern  basin  lay  not  far  from  the 
south  side  of  the  Southern  Anthracite  field  and  nearer  to  the  eastern 
than  to  the  western  end.  Mr  David  White  ♦  has  shown  that  pebbles  in 
the  lower  third  of  the  Potts\dlle  there  are  less  rounded  than  those 
in  the  upper  Potts ville,  at  times  even  subangular,  while  along  with 
the  prediminating  quartz  fragments  there  are  in  this  lower  portion 

•  D.  White :  20th  Ann.  Kept.  U.  S.  Geol.  Survey.  1900,  p.  764. 
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others  of  shale  and  sandstone.  He  states  also  that  fragments  increase  in 
size  eastwardly,  there  being  at  the  east  end  many  5  to  6  inches  in  diam- 
eter. These  large  pieces,  as  well  as  those  of  shale  and  sandstone,  could 
not  have  been  transported  far,  Mr  Lyman*  calls  attention  to  the 
rapidity  with  which  the  fragments  decrease  in  size  northwardly  as  evi- 
dence of  speedy  loss  in  transporting  power.  Comparisons  of  tabulated 
sections  given  in  the  Anthracite  atlases  of  the  Pennsylvania  survey  shows 
that  conglomerate  areas  are  separated  by  areas  of  finer  deposits  in  which 
shale  is  abundant.  The  conditions  are  such  as  would  be  found  in  a  lake 
basin  filled  with  confluent  delta  deposits. 

The  eastern  border  of  the  West  Virginia- Virginia  basin  is  not  so 
apparent.  At  both  the  north  and  the  south  end  the  lower  beds  of  the 
Pocahontas  are  more  or  less  conglomerate,  but  midway  along  the  outcrop 
no  conglomerate  is  seen  and  even  such  sandstones  as  are  present  are  not 
coarse.  But  in  this  basin  the  deposits  quickly  lose  their  coarseness  toward 
the  west,  and  the  Pocahontas  coal  bed  itself  diminishes  in  that  direction, 
so  that  there  is  much  probability  in  Mr  M.  E.  Campbell's  t  suggestion 
that  the  present  outcrop  line  is  not  far  from  the  original  eastern  limit  of 
the  basin. 

Elevation  at  the  east  and  depression  on  the  west  side  of  the  great 
basin  became  more  pronounced  after  the  Pocahontas  deposits  had  been 
laid  down.  Great  sandstones  were  spread  over  the  region,  all  extending 
farther  northward  on  the  east  than  on  the.  west  side,  while  each  in  turn 
overlaps  its  predecessor  and  for  some  distance  before  disappearance  rests 
on  Mississippian  beds.  The  Eockcastle  sandstone  was  the  first  to  reach 
the  deep  valleys  of  Kentucky  and  Ohio,  and  in  the  latter  state  it  seems 
to  occupy  a  broad  valley  along  the  western  margin  of  the  Carboniferous 
field,  extending  from  Lake  Erie  southwardly  into  Kentucky,  where  it 
may  be  that  the  valleys  described  by  Campbell  and  Sullivan  were  its 
tributaries.  In  the  northern  and  northwestern  parts  of  the  great  basin 
the  subsidence  was  nearly  uniform,  there  being  but  slight  variations  in  the 
section;  but  from  Kentucky  southward  there  was  clearly  a  constant  in- 
crease along  the  easterly  side  into  Alabama,  where  throughout  the  sub- 
sidence was  very  great,  the  Rockcastle  deposits  being  several  times  as 
thick  in  Alabama  as  along  the  western  escarpment  of  the  Tennessee 
plateau.  Yet  this  subsidence  was  not  without  irregularities  and  local 
foldings,  for  intervals  between  the  great  sandstones  show  at  times  re- 
markable variation.     There  were  long  periods  of  comparative  quiet, 

•  B.  S.  Lyman :  Original  Bonthem  limit  of  the  Pennsylvania  anthracite  beds.  Trans. 
Am.   Inst   Min.  Eng.,  1002. 

t  Cited  by  D.  White  In  BnlL  Gtol.  Soc  Am.,  vol  10,  pi  278. 
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during  which  coal  beds  of  great  extent  and  great  economic  importance 
were  formed. 

The  ocean  found  ingress  at  few  localities  and  apparently  for  only 
brief  periods.  Professor  Safford  *  discovered  a  limestone  in  Grundy 
county  of  Tennessee  within  the  Bonair  and  very  near  the  extreme  western 
outcrop.  This,  as  he  states,  a  rare  occurrence  in  Tennessee,  contains  a 
marine  fauna,  evidently  marking  the  head  of  a  bay  communicating  with 
the  interior  sea.  Mr  M.  R.  Campbell  reports  a  fossiliferous  shale  not 
far  above  the  Etna  horizon  in  McDowell  county  of  West  Virginia,  300 
miles  northeast  from  Professor  Safford^s  locality  and  only  about  15  miles 
from  the  extreme  eastern  outcrop;  and  Mr  David  White  has  observed 
marine  forms  very  near  the  same  horizon  on  New  river,  east  from  SewelL 
This  may  mark  the  head  of  a  bay  opening  to  the  Atlantic.  No  marine 
fossils  have  been  observed  anywhere  in  the  intervening  space.  In  central 
Alabama,  Mr  McCalley  found  several  beds  with  marine  fauna  in  the 
higher  part  of  the  column,  but  no  observer  has  recorded  the  presence  of 
marine  forms  in  either  Georgia  or  eastern  Alabama. 

The  post-Pocahontas  sandstones  of  the  Rockcastle  give  a  clue  to  the 
land  boundaries.  In  ascending  order  they  are  the  Etna,  Bonair,  Rock- 
castle, and  Sharon.  All  are  conglomerate  to  coarse,  more  or  less  pebbly 
sandstones  at  most  localities  along  the  easterly  border.  Followed  west- 
wardly  in  Alabama,  the  Etna  becomes  a  not  very  coarse  sandstone  and 
the  Bonair  shows  only  occasional  pebbles ;  but  beyond  the  central  part  of 
the  state  both  beds  thicken  toward  the  western  border,  indicating  that 
the  land  area,  so  distinct  on  the  east  and  south,  must  have  extended 
northwardly  on  the  west  side  through  Mississippi  almost  to  the  Tennessee 
line.  There,  however,  one  is  beyond  the  strict  limits  of  the  Appalachian 
basin  and  is  in  line  with  the  Indiana-Illinois  area,  cut  off  abruptly  by 
erosion  in  Kentucky  200  miles  north  from  the  Alabama  exposures.  At 
the  extreme  western  outlier  in  Tennessee  these  two  sandstones  are  cross- 
bedded  and  not  coarse,  and  the  Etna  retains  these  characteristics  at  most 
localities  in  central  and  western  portions  of  the  Tennessee  coal  field; 
but  the  Bonair  is  usually  more  or  less  conglomerate  and  is  very  coarse 
near  its  termination,  in  the  northern  portion  of  the  state. 

The  Rockcastle  and  Sharon  sandstones  cannot  be  recognized  in  central 
Alabama ;  there  is  good  reason  to  suppose  that  the  higher  bed  is  no  longer 
present,  having  been  removed  by  erosion.  But  sandstones  and  conglomer- 
ates are  so  numerous  and  so  considerable  in  the  upper  part  of  the  column 
as  to  leave  no  room  for  doubt  respecting  continuing  elevation  of  the  inclos- 
ing area  east,  west,  and  south.    In  much  of  the  central  and  western  part  of 

*  J.  M.  Safford:  Geology  of  TennMuwe,  p.  867. 
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the  Tennessee  coal  field  the  Eockeastle  is  a  more  or  less  pebbly  sandstone, 
but  on  the  west  side,  at  the  north,  it  becomes  distinctly  conglomerate 
and  it  retains  this  character  in  Kentucky.  It  is  notably  conglomerate, 
especially  in  its  lower  portion,  everywhere  in  Ohio,  and  in  the  northern 
150  miles  of  its  extent  it  carries  abundant  fragments  of  chert  or  cherty 
limestone  containing  Mississippian  fossils ;  while  near  Lake  Erie  it  holds 
not  only  quartz  and  chert  pebbles,  but  also  very  numerous  flat  and  angular 
fragments  of  rock.  This  distribution  in  Ohio  clearly  indicates  a  broad 
gravel-filled  valley  like  that  of  the  upper  Ohio.  The  nature  of  the  frag- 
ments shows  that  they  were  derived  for  the  most  part  from  the  vicinity 
of  the  present  Lake  Erie.  The  chert  at  one  time  was  supposed  to  come 
from  the  Maxville  limestone  of  southern  Ohio,  but  the  deposit  is  far 
to  the  north  and  west  of  the  original  limit  of  that  limestone,  which 
is  not  reported  anywhere  as  cherty ;  the  source  must  be  looked  for  in  the 
cherty  Mississippian  limestone  of  Michigan.  The  valley  holding  the 
Hockcastle  lay  for  the  most  part  west  from  the  present  area  of  Pennsyl- 
vanian  deposits,  being  well  marked  only  near  Lake  Erie  and  in  Pike 
and  Jackson  counties  of  Ohio.  In  the  intervening  space  one  finds  only 
the  eastern  edge  of  the  valley  and  in  many  places  apparently  the  insignifi- 
cant deposits  laid  down  in  lateral  valleys.  In  Kentucky  and  Tennessee 
the  distribution  of  this  sandstone  is  not  confined  to  narrow  areas.  The 
Sharon  sandstone  tells  the  same  story  as  the  Rockcastle,  but  has  a  wider 
distribution.  It,  like  the  Eockeastle,  is  coarser  at  the  sides  than  in  the 
middle  of  the  great  basin,  so  that  the  material  forming  it  was  derived 
not  from  one  but  from  both  sides. 

At  the  close  of  the  Rockcastle,  water  extended  to  but  a  little  distance 
within  New  York.  Practically  the  whole  of  the  Pennsylvania  bituminous 
area,  the  Northern  Anthracite  field,  the  northwestern  third  of  West  Vir- 
ginia, and  nearly  aU  of  the  present  coal  area  of  Ohio  were  dry  land.  A 
fihallow,  rather  narrow  arm  of  the  interior,  or  Mississippian,  sea  extended 
northward  from  Kentucky  to  the  east  side  of  what  is  now  Lake  Erie, 
occupying  the  old  valley  partly  filled  with  Rockcastle  deposits,  while  other 
▼alleys  communicated  with  the  Atlantic  at  the  east.  The  elevation  of  the 
land  must  have  been  insignificant  throughout,  for  at  the  close  of  the 
Beaver  the  whole  region  had  received  deposits. 

The  passage  from  Rockcastle  to  Beaver  is  somewhat  abrupt  at  many 
places  along  the  western  and  northern  sides  of  the  great  basin.  The  sur- 
face of  the  Sharon  sandstone  is  irregular,  so  that  in  western  Pennsyl- 
vania and  in  Ohio  the  Sharon  coal  bed  occurs  in  saucer-like  patches, 
while  in  Kentucky  the  interval  from  Sharon  sandstone  to  Sharon  coal 
▼aries  abruptly  from  10  to  60  feet  or  even  more.    These  variations  may 
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be  due  to  irregularity  in  distribution  of  sediments  or  even  to  local  eleva- 
tion or  subsidence^  but  in  many  cases  they  are  such  as  to  suggest  genuine 
lack  of  conformability  due  to  a  broad  elevation  along  the  western  side, 
which,  in  addition,  would  explain  the  abrupt  change  from  coarse  sand- 
stone to  fine  shale,  if  it  be  supposed  sufficient  to  divert  the  drainage  tem- 
porarily and  to  make  the  low  interior  land  the  important  source  of  sedi- 
ments. Subsidence  during  the  Beaver  seems  to  have  been  comparatively 
uniform  in  the  northern  part  of  the  basin,  though  there  is  evidence  of 
somewhat  more  subsidence  in  the  east  than  in  the  west ;  but  in  Kentuckv 
and  southern  West  Virginia  the  rate  of  subsidence  increased  southwardly 
and  eastwardly  with  notable  rapidity.  The  shales  below  the  Sharon  coal 
bed  are  but  10  feet  thick  at  the  western  outcrop  in  Kentucky.  Mr  J. 
Lesley  followed  them  across  the  state  to  the  West  Virginia  border,  where 
they  are  150  feet,  while  on  the  Kanawha  river,  in  West  Virginia,  they 
are  400  feet  thick.  This  diflFerential  sinking  continued  throughout  the 
Beaver,  for  intervals  above  the  Sharon  coal  bed  show  notable  variations  in 
the  southern  part  of  the  remaining  area. 

In  southern  Pennsylvania  and  the  immediately  adjacent  part  of  West 
Virginia  the  sedimentation  was  coutinuously  marine  from  the  Shenango 
up  to  the  middle  of  the  Beaver,  there  being  no  recognizable  members  of 
the  Beaver  or  older  beds  below  the  Quakertown  coal  bed,  and  the  passage 
beds  are  largely  red  shale,  with  locally  important  deposits  of  iron  ore. 
These  contain  in  some  places  marine  forms,  thoroughly  well  developed 
and  of  large  size,  as  if  living  amid  favorable  conditions.  This  continuous 
sedimentation  prevailed  in  a  broad  area  and  leads  to  uncertainty  in  the 
attempt  to  interpret  oil-well  records  within  the  interior  counties  of  West 
Virginia,  where  a  sandstone  sometimes  divides  them.  In  northern  Ken- 
tucky Professor  Crandall  found  in  shales  below  the  Sharon  coal  bed 
numerous  calcareous  concretions,  apparently  non-fossiliferous.  These  in- 
crease in  number  as  well  as  size  farther  south,  at  the  same  time  ascending 
in  the  series  until  in  the  southern  part  of  the  state  they  reach  to  what 
has  been  taken  by  the  writer  to  be  the  Mercer  horizon;  but  concretions 
above  the  Sharon  coal  become  more  and  more  arenaceous.  Mr  J.  Lesley 
observed  these  concretions  long  ago  and  followed  them  from  the  western 
outcrop  across  the  state  to  the  West  Virginia  line,  where  they  are  the 
silicious  limestones  of  Doctor  White's  Winfield  section.  This  deposit  is 
reported  from  Logan  county  of  West  Virginia,  but  thence  eastward,  pos- 
sibly because  of  imperfect  exposures,  at  no  place  until  the  Kanawha  river 
is  reached.  There  one  finds  the  concretionary  Campbells  Creek  lime- 
stone above,  with  the  Stockton  cement  and  the  Eagle  limestone  below 
the  Sharon  (Campbells  Creek)  coal  bed.     No  fossils  are  reported  from 
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any  locality  west  from  the  Kanawha^  but  Doctor  White  discovered  an 
abtmdant  marine  fauna  in  shales  associated  with  the  Eagle  limestone. 

For  the  most  part  fresh-water  conditions  prevailed  during  the  early 
part  of  the  Beaver,  and  one  may  regard  the  marine  forms  found  near 
the  bottom  of  the  formation  on  the  east  side  as  due  to  communication 
there  with  the  Atlantic.  At  a  much  later  time,  however,  subsidence  on 
the  westerly  side  admitted  seawater  to  the  broad  valley  on  that  side;  so 
that  in  Ohio  one  finds  extending  southwestwardly  *from  Mercer  county 
of  Pennsylvania  to  Perry  county  of  Ohio  the  important  Mercer  lime- 
stones, extending  farther  eastward  than  does  the  Sharon  sandstone,  but 
apparently  not  so  far  west.  As  shown  by  Mr  Eead's  *  descriptions  and 
as  figured  in  one  of  his  diagrams,  the  Ohio  valleys  were  not  filled  by 
deposits  until  after  the  Mercer  limestones  had  been  formed.  As  the 
deep,  broad  valley  in  which  the  Rockcastle  beds  and  the  Mercer  lime- 
stones were  deposited  was  for  the  most  part  west  from  the  present  area 
of  Coal  Measures,  the  limestones  can  not  be  traced  beyond  Perry  county, 
where  the  Lower  Mercer  is  very  thick  at  its  western  outcrop.  These  lime- 
stones carry  a  typically  marine  fauna. 

The  sandstones  of  the  Beaver  are  the  Connoquenessing  and  the  Home- 
wood.  These  can  not  be  recognized  farther  south  than  northern  Ten- 
nessee. Along  the  eastern  outcrop  they  are  sandstones,  with  few  pebbles 
northward  to  northern  West  Virginia,  beyond  which  into  the  Northern 
Anthracite  field  they  are  pebbly  and  at  times  largely  conglomerate.  On 
the  western  side  they  are  sandstone,  often  shale,  until  near  the  last  ex- 
posures at  the  north,  where  they  sometimes  contain  pebbles.  The  one 
exception  on  the  west  side  is  in  Knox  coimty  of  Ohio,  where  one  is  on 
the  extreme  western  outcrop.  In  the  deeply  buried  interior  area  more 
or  less  sandstone  is  present  at  one  or  other  of  the  intervals  in  nearly  every 
boring,  though  there  is  great  variation  and  very  many  borings  show  little 
aside  from  shale;  but  in  an  irregular  east  and  west  strip  crossing  Clear- 
field, Jefferson,  Clarion,  and  Mercer  counties  of  Pennsylvania,  at  a  con- 
siderable distance  south  from  the  northern  outcrop,  one  finds  the  Home- 
wood  sandstone  coarse  and  at  times  coarsely  conglomerate.  The  Home- 
wood  is  pebbly  also  along  a  line  extending  from  southern  Fayette  of 
Pennsylvania  to  the  eastern  outcrop  in  Maryland,  as  though  a  valley  had 
eodsted  there.  The  strip  farther  north  evidently  marks  a  river  valley, 
but  the  source  of  the  pebbles  is  difficult  to  determine.  The  distribution 
of  the  sandstones  shows  that  the  elevation  continued  on  the  east  side, 
strongly  at  the  north,  but  less  and  less  strongly  toward  the  south, 'while 
the  pebbly  rocks  of  Knox  as  well  as  of  Summit  and  Portage,  on  the 

•  M.  C.  Read :  Geology  of  Ohio,  vol.  Ill,  p.  544. 
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northern  border  in  Ohio,  may  be  evidence  of  slight  elevation  on  that  side, 
and  the  pebbles  may  have  been  derived  from  upraised  Rockcastle  beds. 

The  existence  of  land  at  the  south  and  southwest  is  indicated  by  the 
distribution  of  the  coal  beds.  These  appear  to  be  persistent  around  the 
borders  of  the  basin,  even  at  the  south  and  southwest,  to  the  last  localities 
where  one  may  recognize  the  formation;  but  they  are  wanting  in  the 
interior  area  within  Ohio  and  West  Virginia,  where  in  thousands  of 
square  miles  no  trace  of  them  appears  in  the  well  records. 

At  the  close  of  the  Beaver,  though  the  whole  basin  had  received  de- 
posits, the  water  was  very  shallow  and  the  surface  of  the  latest  sandstone 
or  shale  showed  surprisingly  little  irregularity.  The  abruptness  of 
change  in  many  localities  from  Homewood  sandstone  to  fine  shale  of  the 
Allegheny  is  one  of  the  most  notable  conditions.  Not  less  remarkable 
is  the  regularity  of  the  subsidence  in  a  vast  area.  The  interval  from 
Homewood  sandstone  to  the  Brookville  (Stockton)  coal  bed  varies  little 
from  10  feet  in  a  space  of  more  than  1,000  square  miles  within  West 
Virginia,  while  in  other  tracts  equally  extensive  that  interval  varies  from 
5  to  20  feet.  Whatever  may  have  been  the  cause,  a  long  period  of  very 
gentle  change  succeeded  the  Beaver,  during  which  coal  at  the  Brookville 
horizon,  with  greatest  thickness  at  the  east,  gradually  spread  over  the 
greater  part  of  the  area  in  which  Allegheny  rocks  remain.  Its  extent  is 
unequaled  by  that  of  any  deposit  at  a  later  horizon. 

The  Allegheny  is  a  thin  formation,  but  its  variations  in  thickness  are 
considerable.  Along  the  easterly  side  one  finds  160  feet  in  Broad  Top 
of  Pennsylvania,  350  to  260  in  the  Potomac  area,  decreasing  toward  the 
west;  175  in  Taylor  county  of  West  Virginia,  beyond  which  it  decreases 
to  140  feet,  a  thickness  which  is  retained  for  many  miles.  Increasing 
again,  it  becomes  200,  and  at  the  Kentucky  border  about  210  feet,  which 
seems  to  be  approximately  the  thickness  assigned  to  its  beds  in  south- 
eastern Kentucky  by  Mr  Hodge.  In  the  First  and  Second  basins  of 
Pennsylvania  the  measurements  vary  from  235  to  275,  but  along  the 
west  side  of  Chestnut  hill  it  is  230  in  Indiana  county  of  Pennsylvania, 
206  at  the  West  Virginia  line  and  195  feet  at  Clarksburg,  about  40  miles 
south  from  that  line.  The  greatest  thickness  is  in  JefEerson,  Armstrong, 
and  Butler  counties  of  Pennsylvania,  becoming  340  feet  in  the  last, 
whence  it  decreases  toward  the  west  and  is  barely  200  feet  at  the  Ohio 
line.  In  that  state  the  variation  is  between  175  and  240  feet,  the  least 
thickness  being  on  the  western  border,  whence  it  thickens  eastwardly 
toward  the  middle  of  the  basin,  where  in  the  deep  portion  of  Ohio  and 
West  Virginia  it  is  about  250  feet.  There  seems  to  be  no  reason  for 
supposing  that  the  Allegheny  becomes  thicker  southward  in  Kentucky, 
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and  at  present  there  is  little  ground  for  supposing  that  it  ever  reached 
much  farther  south  than  northern  Tennessee. 

The  sandstones  of  the  Allegheny  contrast  greatly  with  those  of  the 
Bockcastle^  even  with  those  of  the  Beaver.     They  are  persistent  only  as 
narrow  bands,  and  in  any  given  area  are  apt  to  be  replaced  for  con- 
siderable distances  by  sandy  or  even  by  clayey  shale.    Along  the  eastern 
outcrop  from  Kentucky  northeastwardly  into  Randolph  and  Upshur 
counties  of  West  Virginia  the  sandstones  are  very  conspicuous,  very 
coarse,  and  at  times  for  miles  almost  continuous  from  bottom  to  top  of 
the  formation,  composing  in  part  Mr  Campbell^s  Charleston  sandstone. 
Farther  north,  in  the  Potomac  area,  the  sandstones  are  differentiated, 
broken  by  beds  of  shale;  yet  even  there  the  Butler  and  Clarion  are 
massive,  the  former  at  times  pebbly.     The  sandstones  are  irregular  in 
Broad  Top  and  the  pebbles  are  few.    Within  western  Pennsylvania  the 
Butler  and  Freeport  sandstones  appear  to  be  most  nearly  persistent  and 
each  of  them  occasionally  shows  some  pebbles;  but  they  vary  greatly  in 
thickness  and  each  of  them  is  often  replaced  by  shale  in  tracts  containing 
hundreds  of  square  miles.    Well  records  in  the  deep  portion  of  Ohio 
and  West  Virginia  usually  show  more  or  less  of  sandstone  in  one  or 
more  of  the  intervals,  but  many  show  so  little  aside  from  shale  that  the 
sandstone  must  be  due  merely  to  local  sorting  of  material.    Pebbles  are 
reported  only  from  Wirt  county  of  West  Virginia.     The  great  sandstones 
of  the  eastern  outcrop  in  West  Virginia  break  within  a  few  miles  toward 
the  northwest ;  thin  shales  appear,  which  soon  increase  in  thickness,  and 
the  sandstones  become  unimportant.     Along  the  western  outcrop  in  Ohio, 
sandstone  is  most  nearly  persistent  in  the  Butler  and  Freeport  intervals. 
Ordinarily  fine  in  grain,  the  latter  shows  pebbly  streaks  in  Stark,  Carroll, 
Harrison,  Wayne,  Tuscarawas,  and  Muskingum  counties — that  is,  along 
the  northwestern  side ;  yet  in  all  of  these  counties  not  a  few  sections  show 
only  shale.    The  Clarion  (Hecla)  sandstone  becomes  very  conspicuous 
in  southern  Ohio  and  is  equally  so  farther  south  and  southwest  in  Ken- 
tucky.    It  is  noteworthy  that  a  conglomerate  is  present  in  parts  of  Ken- 
tucky near  the  horizon  of  the  Vanport  limestone,  and  that  at  one  locality 
the  ore  associated  with  that  limestone  is  so  crowded  with  quartz  pebbles 
aa  to  be  worthless. 

The  character  and  distribution  of  the  sandstones  show  sufSciently  a 
great  advance  of  the  shoreline  or  a  considerable  elevation  of  land  at  the 
southwest  The  former  condition  seems  the  more  probable,  and  the 
Allegheny  deposits  can  have  extended  hardly  so  far  in  that  direction  as 
did  those  of  the  Beaver.  The  shoreline  at  the  east-southeast  must  have 
been  at  only  a  short  distance  from  the  present  outcrop,  as  the  strip  of 
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sandstone  is  very  narrow.  Coarse  material  could  be  pushed  only  a  little 
way  in  the  shallow  water  of  that  time.  There  is  much  to  suggest  a 
similar  advance  of  the  shore  at  the  northwest,  not  only  in  the  unexpected 
coarseness  of  the  sandstone,  but  also  in  distribution  of  the  limestones. 
The  presence  and  great  predominance  of  sandstone  in  Kentucky,  on  the 
southern  and  southwestern  borders,  is  equally  suggestive  of  land  en- 
croachment in  that  direction. 

The  Brookville  coal  bed,  the  lowest  of  the  Allegheny,  underlies  in  most 
of  the  area  sandstone  or  shale,  but  in  Ohio,  from  Mahoning  county  on 
the  Pennsylvania  border  at  the  north  to  Hocking  and  Perry  counties  at 
the  south,  one  finds  the  Putnam  Hill  limestone,  which  is  sometimes  in 
direct  contact  with  the  coal.  Throughout  this  distance  the  western  edge 
of  the  limestone  lies  west  from  the  present  outcrop,  and  south  from 
Perry  and  Hocking  the  place  of  the  limestone  is  west  from  the  present 
coal  area;  but  conditions  in  Knox  county  seem  to  show  that  the  lime- 
stone strip  was  narrow  and  that  it  did  not  extend  beyond  the  valley 
region  in  which  the  Rockcastle  and  Sharon  sandstones  occur.  Like  the 
Mercer  limestones,  it  carries  an  abundant  marine  fauna  and  marks  the 
line  of  a  sea  invasion  from  the  west.  One  finds  on  the  Kanawha  river, 
in  West  Virginia,  and  at  the  same  horizon,  the  Black  Flint,  sometimes 
accompanied  by  limestone,  at  times  fossiliferous  itself  and  often  asso- 
ciated with  fossiliferous  shales.  This  deposit  is  confined  to  a  narrow 
branching  area,  which  may  have  been  near  the  head  of  a  bay  conmiuni- 
cating  directly  with  the  Atlantic.  A  limestone  at  this  horizon  in  north- 
ern West  Virginia  is  non-fossiliferous. 

The  Vanport  (Ferriferous)  limestone  marks  a  still  greater  inroad  of 
the  interior,  or  Mississippi  an,  sea,  reaching  in  northwest  Pennsylvania 
almost  to  the  New  York  line.  Its  easterly  and  westerly  boundaries  are 
distinct  in  Pennsylvania.  At  the  north  and  northwest,  in  Elk,  Clarion, 
Jefferson,  and  Butler,  it  passes  into  chert  and  cherty  sandstone,  while 
on  the  southeast  a  prong  extends  into  central  Indiana.  The  deposit  is 
wholly  wanting  east  from  the  Monongahela  and  farther  nor^h  in  the 
First  and  Second  basins  of  Pennsylvania  as  well  as  in  West  Virginia; 
but  a  marine  limestone  belonging  very  near  this  horizon  is  in  Maryland, 
150  miles  southeast  from  the  nearest  locality  in  Pennsylvania  where  the 
bed  can  be  recognized.  On  the  Kanawha,  in  West  Virginia,  Professor 
W.  B.  Rogers*  foimd  a  bed  crowded  with  marine  forms  at  140  feet 
above  the  Black  Flint,  too  high  for  the  Vanport  horizon,  but  of  interest 
as  proving  access  to  the  Atlantic  at  more  than  one  time  during  the  Alle- 
gheny.    During  the  deposit  of  the  Vanport  the  water  was  evidently  very 

•  W.  B.  Rogers :  Rept.  Geol.  Survey  of  Virginia  for  1839,  p.  136. 
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shallow  near  the  Pennsylyania-Ohio  line,  for  in  a  considerable  area  that 
limestone  is  represented  only  by  occurrences  of  fossiliferous  shale,  more 
or  less  calcareous;  but  the  limestone  reappears  in  central  Tuscarawas 
county,  and  thence  southward  it  is  recognized  as  limestone  or  as  ore  to 
Breathitt  oounty  of  Kentucky.  In  central  and  southern  Ohio  as  well  as 
in  Kentucky  the  main  body  of  the  limestone  lay  west  from  the  outcrop, 
and  in  much  of  the  present  area  the  horizon  is  traceable  only  by  means 
of  the  ore  bed,  which  extends  eastwardly  for  some  distance  beyond  the 
last  trace  of  the  limestone.     The  Vanport  is  richly  fossiliferous. 

Xo  later  important  inroad  of  the  sea  occurred.  The  fossiliferous  shale 
OTerlying  the  Middle  Kittanning  is  found  only  as  far  north  as  central 
Ohio,  while  the  Lower  and  Upper  Preeport  limestones,  though  extending 
over  a  great  part  of  the  basin  at  the  north,  are  either  non-fossiliferous  or 
contain  only  fresh-water  forms;  but  south  from  the  Ohio  river  in  Ken- 
tucky the  Upper  Preeport  limestone  carries  a  characteristic  Carboniferous 
fauna. 

It  is  wholly  probable  that  the  Appalachian  and  the  Indiana-Illinois 
fields  were  not  united  during  the  Allegheny,  though  they  may  have  been 
during  the  Rockcastle,  as  they  were  during  the  Mississippian. 

Observers  in  Pennsylvania  note  at  many  places  that  the  Homewood, 
the  last  deposit  of  the  Beaver,  is  continuous  with  a  sandstone  in  the 
Allegheny  reaching  at  times  to  the  Lower  Preeport  coal  bed,  but  for  the 
most  part  to  about  the  Vanport  horizon.  At  a  little  distance  on  each 
side  the  Allegheny  portion  of  the  sandstone  disappears  and  the  proper 
section  is  found.  Records  of  borings  in  West  Virginia  show  the  same 
condition,  with  in  some  portions  of  the  deeper  area  a  much  greater  verti- 
cal extent.  Mr  Read  gives  a  section  in  Coschocton  county  of  Ohio  where 
a  continuous  sandstone,  280  feet  thick,  occupies  a  trough  in  Beaver  and 
Allegheny  beds.  Borings  in  Greene  of  Pennsylvania  and  Marshall, 
Tyler,  and  Wetzel  of  West  Virginia  seem  to  show  narrow  areas  in  which 
sandstone  is  continuous  from  Homewood  far  up  into  the  Allegheny  and 
in  some  instances  even  into  the  Conemaugh.  These  may  mark  stream 
courses,  constantly  agraded.  It  has  been  suggested  that  they  are  evi- 
dence of  local  foldings  and  elevations  in  which  valleys  were  made  by 
subaerial  erosion.  This  explanation  applies  to  very  few  of  the  examples, 
since  there  is  no  nonconformity  on  either  side.  Por  example,  in  the 
Ohio  instance  the  Brookville  coal  bed  rests  on  the  sandstone,  while  at  a 
short  distance  away  the  same  bed  is  shown  with  the  Beaver  beds  below, 
each  with  its  proper  interval  for  the  region. 

Beyond  all  doubt,  there  were  serious  local  irregularities,  for  intervals 
often  vary  with  extraordinary  abruptness;  but  one  must  be  cautious  in 
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generalizing  here.  The  interval  between  Upper  Preeport  and  Lower 
Kittanning  coal  beds  varies  little  and  apparently  according  to  rule  in 
very  considerable  areas,  while  in  the  same  areas  the  intervals  between 
intervening  coal  beds  vary  without  any  reference  to  the  principal  intervaL 
The  coal  beds  of  the  Allegheny  above  the  Brookville  in  no  case  extend 
far  into  the  interior  of  the  basin  and  all  are  mere  fringes  around  the 
border.  The  coals  mentioned  in  oil-well  records  can  rarely  be  referred 
to  any  definite  horizon,  and  in  most  cases  they  represent  carbonaceous 
material  drifted  upon  mud  lumps  or  sand  banks. 

Toward  the  close  of  the  Allegheny  a  small  area  in  west  central  West 
Virginia  near  the  Ohio  river  received  deposits  of  red  mud,  more  or  less 
calcareous,  accompanied  often  by  greenish  muds;  and,  somewhat  earlier, 
similar  deposits  were  made  in  northeastern  Kentucky.  This  is  the  be- 
ginning of  a  condition  which  in  gradually  enlarging  or  contracting  area 
was  to  continue  until  the  close  of  Carboniferous  time,  always  predomi- 
nating, however,  within  a  small  area  in  West  Virginia  and  the  adjoin- 
ing part  of  Ohio. 

In  many  respects  the  Conemaugh  is  but  the  continuation  of  the  Alle- 
gheny; the  variations  in  thickness  are,  geographically,  very  similar  in 
both.  Along  the  easterly  side  the  Conemaugh  is  approximately  500  feet 
thick  in  Broad  Top,  at  the  northeast,  while  at  Charleston,  on  the  Kana- 
wha, 250  miles  southwest,  the  thickness  has  increased  to  643  feet;  but 
in  the  intervening  space  for  nearly  200  miles  it  averages  not  far  from 
600  feet.  Along  the  northern  border,  in  Pennsylvania,  it  is  about  600 
feet,  and  slowly  decreases  southwardly  to  660  feet  at  the  West  Virginia 
line,  this  being  apparently  about  the  average  thickness  in  West  Virginia 
east  from  the  line  passing  through  Eitchie  county.  Midway  in  the  basin 
the  sections  show  decrease  southwestwardly,  600  in  western  Pennsylvania, 
480  in  Monroe,  and  430  in  Lawrence  of  Ohio,  while  along  the  western 
outcrop  in  Ohio  the  thickness  varies  from  325  to  350  feet.  The  least 
thickness  reported,  275  feet,  is  on  the  extreme  western  outcrop,  in  Perry 
county  of  Ohio,  while  farther  east  in  that  county  it  becomes  329.  This 
decrease  westwardly  across  the  basin  is  due  to  differential  subsidence  and 
not  to  overlapping,  for  the  notable  members  of  the  section  persist  to  the 
last.  The  rapid  shortening  of  the  section  in  Perry  county  of  Ohio  seems 
to  show  that  the  shortline  lav  not  far  toward  the  west. 

Except  in  a  very  narrow  strip  along  the  southeasterly  border  in  West 
Virginia,  the  Conemaugh  sandstones  are  more  irregular  than  are  those 
of  the  Allegheny.  One  generally  finds  some  sandstone  of  some  sort  in 
the  sandstone  intervals,  but  shales  predominate  in  by  far  the  greater 
part  of  the  area.     Certain  sandstones  appear  with  great  regularity  in  oil- 
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well  T^ords  of  West  Virginia,  but  comparisons  show  quickly  that  the 
drillers'  identifications  are  too  often  made  at  haphazard.  Away  from 
the  southeastern  border,  pebbles  are  extremely  rare,  except  along  a  nar- 
row rudely  east  and  west  strip  across  Indiana,  Armstrong,  Butler,  Law- 
rence, and  Beaver  counties  of  Pennsylvania.  This  lies  many  miles  south 
from  the  northern  outcrop  and  south  from  the  similar  strip  in  the  Beaver 
formation ;  its  variations  are  such  as  one  finds  in  the  gravels  of  the  upper 
Ohio  river.  Many  similar  valleys  filled  with  standstone  during  the  long 
subsidence  are  recognizable  in  various  parts  of  the  area,  and  occasionally 
one  is  found  along  an  anticlinal  crest  which  seems  to  have  been  made 
by  snbaerial  erosion.  The  sandstones  for  the  most  part  are  indefinite 
within  Ohio,  but  in  Tuscarawas  county  the  Lower  Mahoning  interval  is 
filled  with  conglomerate  and  farther  south  the  Buffalo  interval  is  filled 
with  very  coarse  sandstone  at  many  places.  Similar  conditions  were 
observed  in  the  Allegheny  here. 

While  in  a  general  way  the  conditions  were  similar  to  those  of  the 
Allegheny,  showing  a  gradually  contracting  area,  yet  the  subsidence  was 
such  as  to  admit  seawater  to  a  much  greater  space.  At  the  very  begin- 
ning one  finds  at  somewhat  widely  separated  localities  in  West  Virginia 
a  marine  fauna  in  the  Uffington  shale  which  rests  directly  on  the  Upper 
Freeport  coal  bed,  while  at  most  exposures  the  shale  yields  only  impres- 
sions of  land  plants.  Not  enough  information  is  available  to  justify  any 
suggestion  respecting  the  relations  of  the  marine  localities,  which  are 
confined  to  the  easterly  side  of  the  great  basin. 

The  Brush  Creek  limestone,  separated  from  the  Uffington  shale  by  the 
Mahoning  interval,  is  confined  in  its  best  development  to  the  northeastern 
part  of  the  area.  It  occurs  irregularly  in  northeastern  Ohio  and  is  con- 
tinuous in  a  not  very  broad  area  eastwardly  and  southeastwardly  across 
Pennsylvania  into  western  Maryland  and  northeastern  part  of  the  West 
Virginia  coal  field.  It  is  wanting  along  the  northern  border  in  Pennsyl- 
vania as  well  as  east  from  the  Alleghenies.  No  trace  of  it  appears  in 
most  of  Ohio  and  it  is  wanting  under  the  Cowrun  anticline,  in  the  central 
part  of  the  basin ;  but  a  limestone  at  its  place  is  present  in  the  extreme 
southern  part  of  the  area  in  West  Virginia.  The  fauna  is  distinctly 
marine  and  the  distribution  of  the  deposit  leads  one  to  look  toward  the 
east  for  its  connection  with  the  sea.  The  Cambridge  limestone,  on  the 
other  hand,  represents  an  invasion  by  the  interior,  or  Mississippian,  sea, 
for  as  a  marine  limestone  it  prevails  from  Armstrong  county  of  Pennsyl- 
vania westward  into  Ohio  and  thence  southwardly  into  Kentucky.  It  is 
wanting  in  the  interior  area,  but  reaches  the  middle  line  of  the  basin 
in  the  southern  part  of  West  Virginia,  in  Cabell  and  Wayne  counties,  as 
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well  as  in  Johnson  county  of  Kentucky.  Its  area,  narrow  in  Pennsyl- 
vania and  northern  Ohio,  becomes  much  wider  southward.  On  the  east 
side  of  the  great  basin  in  Mar}'land  and  90  miles  from  the  nearest  locality 
in  Pennsylvania  where  the  Cambridge  is  clearly  recognizable,  a  marine 
limestone  is  found  certainly  not  far  from  the  Cambridge  horizon,  in- 
dicating continuance  of  communication  with  the  ocean  on  that  side. 

The  Ames  limestone  is  not  reported  east  from  the  Alleghenies  in 
Pennsylvania,  but  is  distinctly  present  in  Indiana  and  Somerset  of  that 
state,  whence  it  has  been  followed  across  Maryland  into  Barbour  county 
of  West  Virginia.  This  limestone  is  shown  farther  west  in  Pennsylvania, 
wherever  its  place  is  exposed,  south  from  the  line  of  Cambria,  Clearfield, 
and  Jefferson  coimties,  and  it  is  equally  persistent  in  Ohio,  where,  as  in 
Pennsylvania,  it  is  the  most  useful  stratigraphical  horizon,  being  midway 
between  the  Pittsburg  and  Upper  Freeport  coal  beds.  It  is  well  shown 
in  the  central  part  of  the  great  basin,  under  the  Cownm  anticline,  in 
Washington  of  Ohio  as  well  as  in  Pleasants  and  Wirt  of  West  Virginia ; 
it  is  present  in  the  southern  portion  in  Wayne  and  Cabell  counties,  and 
it  may  be  the  Fourth  Fossiliferous  limestone  of  Kentucky.  No  borings 
with  diamond  drill  have  been  made  in  the  deeper  portions  of  West  Vir- 
ginia and  no  statement  is  possible  respecting  its  presence  there.  It  has 
not  been  reported  along  the  eastern  outcrop  south  from  Barbour  county 
of  West  Virginia,  but  at  Charleston  one  finds  a  limestone,  without  marine 
fossils,  midway  between  the  Pittsburg  and  Upper  Freeport  coal  beds  and, 
like  the  Ames,  associated  with  deep  red  shale.  At  all  exposures,  except 
that  near  Charleston,  the  Ames  carries  a  marine  fauna,  and  at  many 
places  on  both  sides  of  the  basin  it  rests  on  fossiliferous  shale  or,  where 
that  is  wanting,  on  the  Harlem  coal  bed.  The  fauna  seems  to  differ 
slightly  on  the  opposite  sides,  some  forms  characteristic  of  the  Indiana- 
Illinois  field  being  present  on  the  west  side,  but  wanting  on  the  east  side. 
It  may  be  discovered,  when  the  fauna  has  been  studied  thoroughly,  that 
communication  was  open  to  the  ocean  on  both  sides.  It  is  not  improbable, 
as  suggested  by  Doctor  White,  that  the  fossiliferous  limestone  of  the 
Northern  Anthracite  field  belongs  very  near  the  horizon  of  the  Ames. 
That  bed  contains  many  forms  obtained  from  the  Conemaugh  and  in 
addition  several  which  have  not  been  reported  from  any  other  locality 
within  the  Appalachian  basin;  so  that  there  one  may  have  another 
problem  respecting  relation  to  the  ocean. 

With  the  Ames  limestone,  inroads  of  the  sea  practically  ceased.  Marine 
conditions  unquestionably  were  repeated,  but  never  for  periods  long 
enough  for  good  development  of  animal  invertebrate  life.    Limestones 
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appear  frequently  during  the  upper  half  of  the  Conemaugh,  several  of 
them  widely,  though  irregularly,  distributed,  but  in  no  case  are  they  dis- 
tinctly marine.  Some  are  crowded  with  minute  imivalves  of  undeter- 
mined relations;  others  are  associated  with  carbonaceous  shales,  filled 
with  fragments  of  plants  and  fishes,  which  point  rather  to  fresh-water 
conditions. 

The  most  notable  feature  of  the  Conemaugh  is  the  red  and  green 
shales,  in  color  resembling  those  of  the  Catskill  and  Shenango  but 
deeper.  The  greatest  development  is  in  west  central  West  Virginia  and 
the  adjacent  part  of  Ohio,  where  at  times  nearly  the  whole  section  is 
red  shale.  The  greatest  geographical  expansion  was  just  preceding  the 
deposition  of  the  Ames  limestone,  when  the  reds  reached  southeast 
nearly  to  the  outcrop  and  northward  to  the  outcrop  in  Pennsylvania ;  but 
they  did  not  reach  into  northern  Ohio  and  they  are  practically  wanting 
east  from  the  line  of  Chestnut  hill  in  Pennsylvania.  From  that  time 
to  the  end  of  Conemaugh  the  area  contracted  and  reds  occur  in  irregular 
patches.  These  beds  frequently  contain  nodules  of  limestone,  which,  at 
least  in  the  Pittsburg  reds,  underlying  the  Ames  limestone,  are  usually 
fossiliferous.  The  red  shales  in  some  cases  mark  horizons  elsewhere 
carrying  limestone  and  they  may  indicate  a  marine  condition. 

The  exceeding  shalloT^mess  of  the  water  and  the  long  periods  of  quiet 
during  the  Conemaugh  are  indicated  by  the  coal  beds,  which,  though 
extremely  thin,  have  great  extent.  The  most  remarkable  is  the  Harlem, 
which  underlies  the  Ames  limestone.  It  rarely  exceeds  15  inches,  yet  is 
present  in  much  of  Pennsylvania,  Maryland,  and  Ohio,  persisting  in  the 
interior  of  the  basin  within  West  Virginia,  where  it  is  brought  up  under 
the  Cowrun  anticline.  The  peculiarities  of  this  and  other  Conemaugh 
coal  beds  are  of  much  importance  in  any  discussion  respecting  the  ac- 
cumulation of  coal  in  beds,  and  they  will  be  examined  carefully  in 
another  connection. 

Toward  the  close  of  the  Conemaugh  the  streams  bringing  in  materials 
had  become  sluggish  and  the  deposits,  except  within  limited  areas,  are 
fine  in  grain.  The  Monongahela  began  with  a  long  period  of  exceed- 
ingly slow  subsidence,  during  which  the  Pittsburg  coal  bed  gradually 
extended  across  the  northern  part  of  the  great  basin  and  southward  along 
the  east  and  west  sides ;  but  from  all  sides  it  became  thinner  toward  the 
central  part  of  the  basin  and  it  is  practically  wanting  in  a  great  part 
of  West  Virginia  and  eastern  Ohio,  where  it  occurs  only  in  widely 
separated  patches.  The  bed  may  have  been  almost  continuous  around 
the  basin.     The  singular  uniformity  of  conditions  and  the  extreme  slow- 
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ness  of  the  movement  are  shown  by  the  stnicture  of  this  great  bed,  per- 
sisting in  such  minute  details  as  partings  in  tracts  of  thousands  of  miles 
and  reappearing  even  in  isolated  patches  within  West  Virginia. 

The  area  of  greatest  subsidence  during  the  Monongahela  did  not  coin- 
cide with  that  of  the  earlier  formations,  as  appears  abundantly  from  com- 
parison of  sections  along  several  lines.  The  deepest  deposits  of  Alle- 
gheny and  Conemaugh  were  at  the  north  and  east;  not  so  in  the  Monon- 
gahela. Going  west-northwest  from  the  eastern  outcrop  in  Maryland, 
the  measurements  are  250  feet  in  the  Potomac  basin,  316  in  the  Gonnela- 
ville,  375  to  380  in  Greene  county  of  Pennsylvania,  and  213  in  Belmont 
county,  on  the  western  outcrop  in  Ohio.  Along  a  south-southwest  line 
near  the  middle  of  the  basin  one  finds  150  feet  in  Allegheny  county  of 
Pennsylvania,  225  in  northern  Washington,  355  in  southern  Washington, 
360  to  375  in  Greene,  and  428  in  western  Marion  of  West  Virginia, 
Similar  variations  appear  along  a  west-northwest  line  farther  south  in 
West  Virginia  as  well  as  along  a  south-southwest  line  farther  west  in 
the  basin.  The  greatest  subsidence  was  in  north  central  West  Virginia, 
whence  the  thickness  decreases  in  all  directions.  The  change  is  due  to 
differential  subsidence,  as  the  intervals  between  the  important  members 
of  the  section  become  thinner.  The  change  bringing  this  about  began 
after  deposit  of  the  Pittsburg  coal  bed,  for  that  is  not  overlapped  toward 
the  outcrop  by  the  higher  beds;  it  certainly  extends  farther  north  than 
do  some  of  the  later  beds.  The  absence  of  that  coal  bed  in  so  large  an 
area  may  be  due  merely  to  slight  irregularities  of  the  swampy  surface, 
for  in  some  parts  of  that  area  the  underclay  with  a  black  streak  above  it 
marks  the  place  of  the  bed. 

With  this  change  in  place  of  chief  subsidence  there  came  clearly  a 
farther  contraction  of  the  basin,  while  elevation  at  the  north  led  to  spread- 
ing out  of  sandstone  along  much  of  the  northern  border.  This  Pittsburg 
sandstone  is  not  present  in  the  eastern  localities  of  Pennsylvania  and 
^Maryland,  but  is  persistent  in  the  Chestnut  Ridge  area  of  Fayette  and 
Westmoreland  counties,  in  that  state,  as  well  as  southward  along  the 
eastern  outcrop  in  West  Virginia  to  the  last  exposure  near  Charleston, 
where  Doctor  White  found  it  70  feet  thick.  Evidently  it  prevailed  along 
the  western  outcrop  in  Ohio,  for  it  is  present  on  the  northwestern  out- 
crop and  also  in  the  central  counties  along  that  line,  where  one  is  again 
much  farther  west  than  in  the  intervening  counties.  This  sandstone  be- 
comes more  and  more  indefinite  from  all  sides  toward  the  interior  of  the 
basin.  The  Sewickley  sandstone,  underlying  the  Upper  Sewickley  coal 
bed,  is  fairly  persistent  on  the  east  side,  but  is  wholly  insignificant  in 
Ohio.     There,  however,  an  important  sandstone  overlies  the  Upper  Se- 
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wickley,  not  pebbly  at  the  northwest,  but  coarse  and  often  pebbly  in 
sonthem  Ohio.  In  Pennsylvania  and  northern  Ohio  a  more  or  less  per- 
sistent sandstone,  the  TJniontown,  overlies  the  IJniontown  coal  bed,  but 
ordinarily  it  is  unimportant  and  many  sections  show  little  aside  from 
shale  in  the  interval.  In  West  Virginia,  however,  a  strip  of  coarse  con- 
glomerate, evidently  at  this  horizon,  crosses  the  state  from  east  to  west, 
passing  through  Lewis,  Gilmer,  Doddridge,  Tyler,  and  Pleasants  coimties 
and  extending  into  Washington,  Morgan,  and  Athens  of  Ohio,  where  it  is 
the  200-foot  conglomerate  of  Professor  Andrews.  It  is  coarser  in  West 
Virginia  than  in  Ohio.  The  strip  is  very  narrow  in  the  former  state  and 
fine-grained  rocks  replace  the  coarse  material  at  a  short  distance  north 
and  south ;  but  in  Ohio  the  area  is  broader,  as  though  additional  material 
had  been  brought  in  from  that  side.  This  east-and-west  line  of  coarse 
rock  recalls  those  of  the  Beaver  and  Conemaugh  in  Pennsylvania  and 
may  be  explained  in  the  same  way.  The  general  distribution  of  coarse 
material  indicates  a  rising  border  land  and  for  the  southwest  a  notable 
encroachment. 

The  limestone  deposits  of  the  Monongahela  deserve  more  careful  con- 
sideration than  can  be  given  here,  under  the  limitations  set  for  this 
description.  These  rocks  vary  greatly  in  composition.  The  Kedstone 
is  an  impure  limestone,  yielding  a  fair  lime  when  burned  carefully;  the 
Pishpot,  when  thin,  usually  resembles  the  Redstone,  but  when  thick  it 
is  apt  to  contain  some  layers  of  cement  rock;  the  Benwood  has  several 
beds  of  hydraulic  limestone,  even  of  cement  rock,  among  its  most  per- 
sistent members,  while  some  of  the  beds  are  so  impure  as  to  break  into 
small  angular  fragments  after  continued  exposure;  the  TJniontown  and 
Waynesburg  are  rarely  more  than  slightly  magnesian. 

Of  the  numerous  limestones,  only  the  IJniontown  can  be  regarded  as 
really  persistent;  it  is  present  in  western  Pennsylvania  and  in  Ohio  at 
nearly  every  locality  where  its  place  is  shown.  The  others  may  be  re- 
garded as  confined  to  southwest  Pennsylvania,  the  West  Virginia  pan- 
handle, and  the  immediately  adjacent  part  of  Ohio.  Their  great  develop- 
ment is  between  the  Monongahela  river  at  the  east  and  the  Ohio  river 
at  the  west,  where  in  considerable  areas  limestone  and  calcarous  shale 
fill  more  than  one-half  of  the  interval  between  the  Redstone  and  Union- 
town  coal  beds.  In  all  directions  from  this  small  area  the  limestone 
diminishes  quickly  and  is  replaced  by  shale  and  sandstone;  toward  the 
southwest  only  some  thin  streaks  remain  in  West  Virginia,  and  in  some 
portions  of  that  state  those  streaks  seem  to  be  replaced  by  red  shale. 

These  limestones  are  spoken  of  commonly  as  merely  calcareous  muds, 
and  that  explanation  of  their  origin  was  accepted  tentatively  on  a  pre- 
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ceding  page.  Bnt  it  is  insufScient.  The  enormous  thickness  in  an  area 
of  almost  3,000  square  miles,  central  in  the  northern  part  of  the  Monon- 
gahela  area,  as  it  now  exists,  can  hardly  be  explained  in  this  way,  as 
there  is  no  known  source  whence  the  calcareous  mud  could  be  derived  by 
erosion  or  by  solution.  One  is  shut  off  completely  from  consideration  of 
the  Michigan  Mississippian,  for  the  Monongahela  limestones  disappear 
wholly  in  that  direction  long  before  the  outcrop  has  been  reached. 
Equally  impossible  is  the  supposition  that  they  could  have  been  derived 
from  the  West  Virginia  Mississippian  far  toward  the  southeast.  That 
they  accumulated  as  marls  in  fresh-water  areas  is  equally  difScult  to  be- 
lieve, for  the  immense  Benwood  limestone  on  the  Monongahela  is 
equivalent  to  very  nearly  the  same  thickness  of  shale  and  sandstone 
within  a  very  short  distance.  The  magnesian  beds,  seemingly  the  most 
persistent,  can  hardly  be  regarded  as  fresh-water  limestones.  Marine 
origin  seems  questionable,  owing  to  absence  of  marine  invertebrates.  It 
is  true  that  no  careful  search  for  fossils  has  been  made  in  these  rocks ; 
yet  the  beds  have  been  measured  at  so  many  places  that  some  forma 
should  have  been  found,  if  such  exist.  Weathered  surfaces  of  th^  harder 
layers  in  the  Benwood  occasionally  show  what  bear  close  resemblance  to 
sections  of  branching  bryozoans,  but  in  every  case  the  fossil  is  replaced 
by  calcspar  and  is  unrecognizable.  Fish  remains,  teeth,  and  spines  of 
sharks  occur,  the  most  characteristic  being  Ctenacanthiis  marshii.  These 
are  certainly  marine,  and  the  specimens  obtained  were  of  such  size  as  to 
show  that  the  surroundings  were  not  unfavorable.  Additional  evidence 
that  the  sea  was  not  wholly  shut  out  is  the  presence  of  Solenomya  in 
shale  above  the  Sewickley  coal  bed  in  Monongalia  county  of  West  Vir- 
ginia. Naiadites  occurs  in  the  Uniontown  limestone  at  Uniontojvn, 
Pennsylvania;  but  the  ingress  of  seawater  does  not  appear  to  have  con- 
tinued long  enough  to  permit  an  invertebrate  fauna  to  make  its  way. 
For  the  present,  the  origin  of  the  limestones  mtist  be  regarded  as  an 
unsolved  problem. 

Toward  the  close  of  the  Monongahela  the  condition  marking  the  later 
portion  of  the  Conemaugh  was  reached  once  more.  In  by  far  the  greater 
part  of  the  area  the  deposits  are  fine  in  grain,  and  at  the  end  the  Waynes- 
burg  coal  bed  was  formed,  in  the  northern  part  of  the  basin,  a  bed  of 
curiously  multiple  structure,  which  is  retained.  Like  the  Pittsburg, 
it  is  wanting  in  the  interior  region,  but  it  seems  to  have  reached  irr^u- 
larly  southward  to  a  long  distance  on  each  side. 

The  Washington  opens  with  a  plant-bearing  shale  like  that  overlying 
the  Pittsburg,  succeeded  by  a  great  sandstone,  recalling  in  some  respects 
the  sandstones  of  the  Eockcastle.     As  the  area  grows  smaller  in  ascend- 
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ing,  it  becomes  necessary  for  comparison  to  consider  separately  the 
lower  and  the  upper  portion  of  the  Washington.  The  lower,  extending 
from  the  Waynesburg  to  the  Washington  coal  bed,  is  shown  broadly. 
The  length  of  the  column  along  a  west-northwest  line  from  the  eastern 
outcrop  is  120  feet  in  Maryland,  136  feet  in  Fayette,  and  180  in  Qreene 
of  Pennsylvania,  117  in  eastern  Belmont  of  Ohio,  and  100  feet  at  the 
western  outcrop.  Along  a  south-southwest  line  one  finds  60  feet  at  the 
most  northerly  exposure  in  Pennsylvania,  which  increases  gradually  to 
130  feet  at  the  Greene  County  line  and  becomes  170  feet  in  Wetzel  county 
of  West  Virginia,  where  well  records  are  very  numerous;  and  this  170 
feet  seems  to  be  the  interval  in  much  of  central  West  Virginia;  but  it 
decreases  farther  south.  The  upper  portion,  seen  in  much  smaller  area, 
shows  similar  variation.  The  full  section  is  not  found  exposed  any- 
where east  from  the  Monongahela  in  Pennsylvania,  but  in  Fayette  county 
an  approximate  measurement  gives  about  200  feet  from  the  Washington 
coal  to  the  Upper  Washington  limestone;  westwardly  in  Qreene  the  in- 
terval increases  to  240,  and  then  to  300  feet,  while  at  Moundsville,  on 
the  Ohio  river,  it  has  decreased  to  244  feet.  Along  a  south-southwest 
line  it  is  110  feet  at  the  most  northerly  exposure,  increases  steadily  to 
190  feet  at  the  northern  line  of  Greene,  and  across  that  county  it  in- 
creases to  308  feet  in  West  Virginia.  The  formation  thus  increases 
from  160  feet  in  northern  Washington  of  Pennsylvania  to  above  480 
feet  in  the  northern  counties  of  West  Virginia,  thus  showing  a  con- 
tinuance of  the  Monongahela  conditions,  with  the  greatest  subsidence  in 
north  central  West  Virginia. 

The  sandstones  tell  the  story  of  steadily  contracting  area.  The  Waynes- 
burg sandstone  is  persistent  in  Maryland,  in  most  of  Pennsylvania,  as 
well  as  southward  in  West  Virginia  for  a  long  distance.  It  is  massive 
and  at  times  pebbly,  though,  like  aU  sandstones  of  the  higher  formations, 
it  is  sometimes  replaced  abruptly  by  shale.  In  Ohio,  along  the  north- 
western border,  it  is  not  a  coarse  sandstone,  but  farther  south  it  becomes 
coarser  and  more  prominent,  being  Professor  Andrews^s  upper  sandstone 
and  conglomerate.  Thence  southeastwardly  along  the  southern  border, 
in  Jackson  and  Putnam  of  West  Virginia,  the  rock  marking  this  horizon 
is  a  coarse  sandstone,  with  quartz  pebbles  sometimes  an  inch  in  diameter. 
In  the  interior  portion  of  West  Virginia  records  of  oil  borings  show  sand- 
stone persistent  in  this  interval  except  in  a  small  area.  The  Waynes- 
burg is  the  first  sandstone  of  wide  extent  in  the  interior  region.  No 
notable  sandstone  above  the  Waynesburg  appears  in  Pennsylvania,  except 
that  underlying  the  Upper  Washington  limestone,  which  is  confined  to 
the  borders  of  the  remaining  area  and  disappears  southwardly.    Below 
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this  one  finds  local  sandstones,  but  they  are  unimportant.  In  the  south- 
em  portion  of  the  basin,  on  the  contrary,  the  interval  abore  the  Wash- 
ington coal  bed  is  characterized  by  great  sandstones,  the  Marietta  of 
Doctor  White,  which  appear  in  their  greatest  development  toward  the 
southwest  outcrop,  though  iheyi  are  prominent  features  across  West  Vir- 
ginia, extending  northward  to  midway  in  the  state. 

The  limestones  of  the  Washington  are  quite  as  perplexing  as  those  of 
the  Monongahela  and  they  are  confined  to  a  smaller  area.  They  attain 
great  thickness  in  central  and  southern  Washington  of  Pennsylvania, 
become  comparatively  insignificant  southward  in  Greene  county,  and 
practically  disappear  very  soon  in  West  Virginia.  Limestone  is  most 
abundant  above  the  Washington  coal  bed,  and  in  many  places  the  mass  is 
largely  calcareous  shale.  Few  layers  yield  good  lime,  but  the  Upper 
Washington  limestone  is  ordinarily  very  good.  Fossils  of  any  sort  are 
very  few,  but  occasionally  one  finds  a  great  abundance  of  bivalve  crusta- 
ceans, usually  thought  to  be  of  fresh-water  types.  Fish  remains  occur 
plentifully  in  shales  associated  with  some  of  the  limestones,  and  they, 
too,  are  probably  fresh-water,  as  some  of  the  genera  are  the  same  with 
those  found  in  the  cannel  of  Idnton,  Ohio.  Inroads  of  the  sea  are  not 
clearly  shown.  A  shale  containing  some  marine  forms  is  reported  from 
one  locality  in  West  Virginia,  but  this  is  at  the  very  bottom  of  the  forma- 
tion. One  of  the  Washington  limestones  shows  obscure  markings  like 
fragments  of  brachiopods,  but  they  are  wholly  indefinite  and  the  evidence 
seems  to  point  to  final  exclusion  of  the  sea  from  the  contracting  basin. 
The  limestones  of  the  Washington  bear  much  more  resemblance  to  cal- 
careous muds  than  do  those  of  the  Monongahela,  but  it  is  difficult  to  dis- 
cover the  source  whence  they  were  derived. 

During  the  Washington  the  crustal  movements  were  sluggish  within 
the  basin  of  deposition.  Thin  streaks  of  coal  extend  over  great  areas, 
many  of  them  showing  complex, structure;  but  toward  the  close  the 
movements  became  more  pronounced,  and  during  the  early  portion  of 
the  Greene  the  deep  portion  of  the  basin  was  confined  to  Greene  county 
of  Pennsylvania  and  a  narrow  strip  adjoining  at  the  west  in  West  Vir- 
ginia. A  comparison  of  sections  shows  that  in  southern  Washington 
county,  following  the  Greene  County  line  eastward,  the  interval  from 
the  Upper  Washington  to  the  Ifineveh  limestone  varies  from  150  to  180 
feet,  each  of  these  measurements  being  obtained  twice,  those  of  180 
being  separated  by  one  of  150,  showing  two  shallow  troughs  cut  by  this 
east-and-west  line;  but  within  half  a  dozen  miles  southwardly,  in  the 
central  part  of  Greene  county,  the  interval  increases,  becoming  300  to 
813  feet  with  a  number  of  new  limestones  and  coal  beds.    The  chief 
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increase  is  in  the  lower  portion,  between  the  Upper  Washington  and 
JoUytown  limestones,  but  there  is  a  marked  increase  in  the  upper  por- 
tion also.  This  lower  interval,  130  to  140  feet  in  the  deepest  area,  of 
Greene  county,  becomes  only  30  feet  at  the  West  Virginia  line  midway 
in  the  basin,  and  the  interval.  Upper  Washington  to  Nineveh,  seems  to 
be  about  200  feet  thence  south-southwestwardly  for  many  miles. 

That  the  area  of  deposit  was  contracting  rapidly  appears  also  from 
the  sandstone  deposits.  The  important  Fish  Creek  sandstone  is  a  nota- 
ble bed  in  Greene  county  and  extends  for  a  long  distance  in  West  Vir- 
ginia. The  Nineveh  sandstone,  well  cemented  like  the  other,  is  per- 
sistent from  its  northern  outcrop,  in  southern  Washington  county,  across 
Greene  into  Wetzel  of  West  Virginia,  beyond  which  no  information 
respecting  it  is  available.  The  Gilmore  sandstone,  a  poorly  cemented 
massive  rock,  remains  on  high  knobs  in  Greene  county,  as  well  as  far 
southwestward  in  West  Virginia,  while  the  highest  rock  of  the  series  is 
a  massive  sandstone  of  which  only  isolated  patches  remain  on  knobs 
in  West  Virginia.  All  of  these  are  along  the  middle  line  of  the  basin, 
where  during  deposition  of  all  formations  prior  to  the  Washington  the 
sandstone  intervals  were  usually  filled  with  shale.  The  sources  of  supply 
were  much  nearer  than  in  earlier  periods.  But  the  basin,  though  rapidly 
losing  in  width,  still  extended  for  not  less  than  200  miles  in  north- 
northeast  to  south-southwest  direction  when  the  Nineveh  limestone  was 
laid  down. 

The  limestones,  except  the  Nineveh,  are  of  little  importance.  No  con- 
clusions respecting  the  highest  limestones  can  be  offered,  as  those  beds 
remain  only  on  very  high  knobs  and  in  small  patches;  yet  they  are  of 
no  little  interest,  in  that  they  extend  southward  beyond  most  of  the 
lower  limestones  and  yield  good  lime.  The  Nineveh  limestone  is  per- 
sistent throughout  the  whole  region  in  which  its  place  is  reached.  It  has 
been  followed  by  Doctor  White  from  southern  Washington  of  Pennsyl- 
vania to  Jackson  county  of  West  Virginia,  about  140  miles,  and  it  is 
present  at  localities  on  the  Ohio  river,  where  its  place  is  reached  in 
Tyler  of  West  Virginia  and  Washington  of  Ohio.  Even  at  its  most 
southerly  exposure  it  has  30  feet  of  limestone  and  calcareous  shale. 

No  marine  forms  have  been  reported  from  any  place.  There  is  much 
in  the  character  of  the  Nineveh  limestone  to  lead  one  to  expect  such 
forms,  but  none  has  been  obtained.  Animal  remains  of  all  sorts  are 
rare,  but  Doctor  B.  P.  Whitfield  has  described  some  pulmonate  forms 
from  Greene  beds  near  Marietta,  Ohio,  and  a  few  lamellibranchs  of 
doubtful  relations  have  been  obtained  in  Pennsylvania  and  West  Vir- 
ginia. There  is  no  evidence  that  the  sea  actually  entered  the  area  in 
which  rocks  of  the  Greene  formation  remain. 
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The  Bed  beds  retained  their  importance  apparently  to  the  end  within 
the  half  dozen  interior  counties  of  West  Virginia  and  Ohio,  and  twice 
during  the  Monongahela  the  area  showed  a  very  considerable  expansion, 
though  in  neither  case  equaling  that  of  the  Washington  or  lower  reds 
of  the  Conemaugh  and  in  each  very  much  less  than  that  of  Pittsburg 
reds  of  the  same  formation.  After  the  deposition  of  the  Uniontown  coal 
bed  their  area  diminished,  and  during  the  Washington  and  Greene  the 
reds  became  less  and  less  important,  appearing  at  last  in,  for  the  most 
part,  thin  and  rather  widely  separated  deposits,  though  occasionally,  as 
in  Marshall  of  West  Virginia  and  northern  Greene  of  Pennsylvania,  they 
attain  considerable  local  importance. 

In  .reviewing  the  conditions  within  the  north  central  part  of  the  basin, 
one  is  led  to  believe  that  the  loss  by  erosion  is  much  less  than  has  been 
supposed.  From  the  crest  of  Chestnut  ridge,  in  Fayette  county  of 
Pennsvlvania,  the  whole  of  the  Carboniferous  has  been  removed  and  the 
Chemung  rocks  are  exposed  at  several  places  along  the  sunmiit;  but 
within  5  milles  toward  the  west  the  section  reaches  almost  to  the  top  of 
the  Washington  formation,  while  at  20  miles  farther,  beyond  the  broad 
valley  of  the  Monongahela  river,  one  finds  the  highest  beds  of  the 
Greene.  It  seems  wholly  probable  that  the  Gilmore  sandstone  is  but  a 
few  hundred  feet  below  the  last  deposit  made  in  the  Appalachian  basin. 

Notes  on  the  Palhontology  of  the  Pennsylvania 

the  fauna 

Comparatively  little  attention  has  been  paid  to  the  Pennsylvania  fauna. 
When  the  early  surveys  were  made,  fossils  were  to  most  geologists  little 
more  than  interesting  curiosities ;  during  prosecution  of  the  later  surveys, 
the  urgent  necessity  for  prompt  determination  of  mineral  resources  left 
little  time  for  collecting  fossils,  which  indeed  seemed  hardly  necessary, 
as  the  fossiliferous  horizons  are  comparatively  few  and  the  forms  ob- 
served in  them  appeared  to  be  identical  for  the  most  part  with  those 
described  in  the  Illinois  and  other  volumes  published  by  western  states. 
It  results  that  for  comparison  one  has  only  the  partial  lists  given  by 
Messrs  Meek,  Whitfield,  White,  and  Stevenson.*  The  forms  thus  far  re- 
ported, with  their  horizons,  are: 

*  F.  B.  Meek :  Rept  Regents  of  West  Virginia  University  for  1870,  pp.  66-78 ;  Bcpt. 
progress  of  Geological  Surrey  of  Ohio  for  1870,  p.  70;  Palsontology  of  Ohio,  toI.  11* 
p.   320. 

R.  P.  Whitfield :  Paleontology  of  Ohio.  toI.  vl,  p.  482. 

I.  C.  White :  Second  Geological  Survey  of  Pennsylvania,  Q,  p.  62 ;  Q  Q,  p.  46.  61 ; 
Q  Q  Q,  p.  25. 

J.  J.  Stevenson :  Trans.  Am.  Phil.  8oc.,  toL  xt,  pp.  22,  28 ;  Second  Geological 
Survey  of  Pennsylvania,  K  K  K,  p.  800 ;  Geology  of  Ohio,  vol.  Ill,  pp.  207,  222. 
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4 
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4 
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1.  Mercer  limestones. 

2.  Vanport  limestone. 

3.  Uffington  shale. 

4.  Brash  Creek  limestone. 

5.  Ames  limestone  in  West  Virginia  and  Pennsylvania. 

6.  Ames  limestone  in  Ohio. 

7.  Lower  Goal  Measures  of  Ohio,  horizon  not  given. 

Lophophyllutn  profundum  Ed.  &  Haime 2    3    4 

Hydreionocrinus  mucrospinua  VLqC.  BQ 2    3    4 

Eupachycrinus  mooresi  Whitf.  sp 

Cyathocrinus  somersi  Whitf 

Archwocidaris  wortheni  H 2 

Pentretnitea  pyriformia 2 

Erisocrinus  sp 

FeneateUa  sp 

Polypora  sp 1 

Beptopora  hiserialis  Swall  sp.; 1    2 

Cyatodictya  carhonaria  M 
Prismopora  serrata  M.  sp 
Discina  meekana  Whitf.. 

Chonetes  mesolohua  N.  &  P 1    2 

Choneies  snUihii  N.  ft  P. 
Chonetes  granuUfer  O. . . 
t^nOfietes  sp.  ...••..•..•••.•.•••••.••■•■••••••......••  1 

Productus  equico8tatu$  Shnm 1 

Productus  nehrascencis  0 1    2 

Froductus  semi-reticulatus  Martin 1    2 

Productus  punctatua  Martin 1 

Productus  Umgispinus  Sow 1    2 

Productus  cora  D*Orb 1    2 

Productus  pertenuis  M 

Orthotetes  crassus  M.  ft  H.  sp 1    2 

MeekeUa  striato  costata  Cox  sp 

Rhipidomella  pecosii  Marcoa  sp. 

Pugnax  uta  Marcon  sp 

Spirifer  cameratus  Norton 12.45 

Bpirifer  rocky-montani  Marcon 1    2     .     4 

S^uamularia  perplexi^  Swall.  sp 1    2     .     .     6 

Amhocalia  planoconvexus  Shum.  sp 6 

Spiriferina  kentuckensis  Shum 

Hustedia  mormonU  Marcou  sp 

Seminula  suhtilita  H 1.346 

hifna  retifera  Shum 4    6 

Pemopecten  aiHculatus  Swall.  sp 1 

Nucula  ventricosa  H. 2    3    .     5 

Nucula  ( t)  anodontoides  M 6 

yucula  parva  McCoy 5 

Yoldia  carhonaria  M 8.5 
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Toldia  atevensani  M. 

Leda  hellistriata  Stevens 

Leda  hellistriata  var.  attenuata  M 

L€d(i  arata  H 

Macrodon  tenuistriatus  M,  &  W 

Macrodon  ohaoletus  M 

Schizodus  cuneatus  M 

Schizodus  sp 

Avicula  lonffa  Geinitz 

Aviculopinna  Americana  M.... 

Pseudomonotia  sp 

Myalina  aubquadrata  Shum.... 
Myalina  recurvirostria  M.  &  H. 

Myalina  awallovi   McG 

Deltopecten  occidentalis  Shum.  sp 
Acanthopecten  carhoniferus  Stevens 
Aviculopecten  interlineatits  M.  &  W 

Aviculopecten  whitei  M 

Aviculopecten  hertzeri  M 

Aviculopecten  coxanus  M.  &  W 

Aviculopecten  sp 

Placunopais  recticardinalis  M.. 

PoBidonomya  fracta  M 

Pleurophorus  tropidopliorus  M. 

Pfewrop/iortw  sp 

Solenomya  anodontoidea  M. . . . 
Sotenomya  rctdiata  M.  &  W.. . . 

Astartella  newherryi  M 

Aatartella  varica  McC 

Astartella  vera  H 

Aatartella  concentrica 

Edmondia  aapenwallensis  M. . . 

Edtnondia  2  efp 

Pleurophorella  co8tata  M.  &  W. 

Pleurophorella  sp 

Cypricardinia  carbonaria  M . . . 
^up^emud  car&onoritt^  Cox  sp. 
Patellostium  montfortianus  N.  & 
Bellerophon  percarinatu8  CJon.. 

Bellerophon  stevenaanus 

Bucanopsis  marcouiana  Geinitz 
Euomphalus  catilloidea  Con.  sp. 

Naticopaia  tortum  M 

Sphaerodoma  primigeniua  Ck>n. 

Soleniacua  hrevia  White 

Soleniacua  klipparti  M.  sp 

Boleniacua  regularia  Cox  sp... 
Loxonema  plicatum  Whltf 
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PolypJietnopsis  peracutus  M.  &  W 2    8    4 

Phanerotrema  grayvillenae  N.  &  P.  sp 2    3         5 

Pleurotomaria  carhonaria 2    3    4     . 

Worthenia  apeciosa  M.  &  W.  ej^ 3     .     . 

Worthenia  tabtUata  C!on.  sp 6 

Orthoceras    cribroaum    Gelnltz 2    3    4    5 

Tainoceraa  occidentalis  Swall.  sp 2  4    5 

ivGutiltu  oTtofii  Wnitr ■ ••■ ••..•   • T 

VautUus  suhqiuidrangularia  Whitf 7 

Phillipsia  sangamonensis  M.  &  W.t 8     .     . 

The  Monongahela  and  higher  formations^  so  far  as  known,  have 
yielded  very  few  forms :  a  Solenomya  from  shale  above  the  Sewickley  coal 
bed,  two  species  of  Naiadites  from  the  Uniontown  limestone,  and  unde- 
termined ostracoids  from  some  of  the  limestones  make  up  the  list. 

The  number  of  species  recorded  is  considerable,  but  the  distribution  as 
^ven  in  the  table  shows  the  scantiness  of  material  for  comparison,  for  it 
is  very  certain  that  the  vertical  range  of  some  of  the  species  is  much 
greater  than  represented.  No  locality  has  been  studied  with  any  degree 
of  care,  except  a  little  area  near  Morgantown  in  West  Virginia,  where 
was  obtained  the  collection  examined  by  Mr  Meek  in  1870.  The  Ames 
limestone  fauna  Mone  has  been  observed  on  both  sides  of  the  basin,  and 
even  this  only  in  the  northern  portion.  There,  however,  one  interesting 
feature  has  been  noted,  for  in  Ohio  four  species  occur  abundantly,  which 
are  very  conmion  in  the  Mississippi  Valley  areas,  but  are  wholly  im- 
known  at  any  of  the  numerous  localities  where  the  bed  has  been  ex- 
amined along  the  east  side  of  the  Basin.  There  is  no  information  on  the 
western  border  respecting  the  fauna  of  the  Putnam  Hill  and  Vanport 
limestones  or  that  of  the  shales  overlying  the  Middle  Kittanning  coal 
bed.  Until  proper  study  of  the  fauna  at  each  horizon  has  been  made, 
no  opinion  can  be  expressed  as  to  the  value  of  the  fauna  for  correlation. 
The  forms  already  reported  are  for  the  most  part  only  those  which  are 
the  most  familiar,  with  extended  vertical  as  well  as  geographical  dis- 
tribution. 

Some  lists  of  fossil  invertebrates  by  Messrs  Meek,  Prosser,  Bennett, 
and  Hall,i'  giving  forms  obtained  from  the  higher  Carboniferous  beds 
along  the  Missouri  river  in  Kansas  and  Nebraska,  afford  opportunity 
for  comparison  with  the  northern  part  of  the  Appalachian  basin. 

Mr  Meek^s  fossils  came  from  the  higher  beds  of  the  Upper  Coal 

*  The  writer  Is  under  obligation  to  Mr  George  H.  Olrty,  who  has  corrected  the  generic 
names  in  this  list ;  hut  Mr  Girty  is  not  to  be  held  responsible  for  any  errors,  as  he  has 
not  had  the  opportunity  to  read  the  proof. 

t  F.  B.  Meek :  Final  Rept.  of  U.  S.  Geol.  Surrey  of  Nebraska,  pp.  124-127. 
Bennett  and  Hall :  Unlyersity  of  Kansas  Geol.  Surrey,  vol.  iii, .  pp.  68-72. 
C.  8.  Prosser:  The  same,  toI.  ii,  p.  59. 
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Measures  of  Nebraska.  Of  the  43  species  common  to  his  list  and  that 
from  the  Appalachian^  only  7  arc  confined  to  the  Upper  Coal  Measures 
of  Illinois,  the  others  occurring  throughout  tl^e  section  in  that  state;  but 
of  those  7  one  finds  that  in  the  Appalachian  3  begin  at  the  Mercer  hori- 
zon, 1  at  the  Brush  Creek,  and  3  at  the  Ames.  The  short  lists  by  Messrs 
Bennett  and  Hall  of  forms  from  the  Upper  Coal  Measures  of  Kansas 
show  18  of  the  43  species,  all  of  which  except  6  are  found  as  low  as  the 
Vanport;  of  those,  2  are  in  the  Brush  Creek  and  3  in  the  Ames.  In 
Professor  Prosser's  list  of  Permian  forms,  5  are  in  the  Appalachian  list, 
of  which  2  begin  in  the  Maxville,  1  in  the  Mercer,  1  in  the  Vanport  and 
1,  Yoldia  subscitula,  is  so  near  to  Yoldia  stevensoni  from  shales  under- 
lying the  Ames,  that  the  latter  name  is  little  better  than  a  synon}Tn.  As 
far  as  the  present  imperfect  information  goes,  the  Allegheny  and  Cone- 
maugh  seem  to  be  equivalent  to  the  Lower  Coal  Measures  of  the  Mis- 
sissippi valley;  further  than  that,  one  may  not  go. 

Comparatively  little  is  known  respecting  the  vertebrate  fauna  of  the 
Pennsylvanian,  such  studies  as  have  been  made  being  confined  practically 
to  forms  occurring  at  a  single  locality.  Professor  Xewberry  ♦  described 
fish  remains  from  the  Upper  Freeport  and  Tionesta  coal  beds  of  Colum- 
biana county,  Ohio,  with  a  few  forms  obtained  elsewhere.  According  to 
his  reference  of  these  forms,  there  are  elasmobranchs,  ganoids,  and 
lepidosteids  present,  of  which  20  are  peculiar  to  one  locality.  Three 
elasmobranchs  and  lepidosteids  have  a  wider  distribution.  Ctenobranchus 
marshii  Newb.  was  described  from  Allegheny  beds  near  Zanesville,  Ohio. 
Doctor  Xewberry  identified  with  this  species,  whose  associations  are 
wholly  marine,  a  spine  from  the  upper  Monongahela,  obtained  ne^ 
Washington,  Pennsylvania,  where  it  is  accompanied  by  Helodus  and 
Lophodus.  The  features  show  no  change  whatever.  Petdlodus,  Peri-- 
pristis,  Deltodus,  and  Lophodus  were  foimd  in  shale  imderljring  the 
Ames  limestone  near  Morgantown,  in  West  Virginia,  and  Petdlodus 
occurs  in  the  Ames  of  northern  Ohio.  Large  scales,  belonging  to 
Rhizodus,  were  found  by  Doctor  White  in  shale  accompanying  the  Mid- 
dle Washington  limestone  of  Washington  county,  Pennsylvania. 

Professor  Copef  described  35  species  of  batrachians,  all  except  one 
confined  to  the  Upper  Freeport  coal  bed  at  Linton,  Columbiana  county, 
Ohio.  No  remains  of  this  class  have  been  reported  elsewhere,  though 
one  finds  occasional  mention  of  what  appears  to  be  footprints. 

THE  FLORA 

The  earliest  attempt  at  systematic  study  of  American  Coal  Measures 

•  J.  8.  Newberry :  Palsontology  of  Ohio,  vol.  11,  pp.  41  et  aeq. 
t  B.  D.  Cope:  Paleontology  of  Ohio,  vol.  li,  pp.  361  et  seq. 
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plants  was  in  1864,  when  Professor  Newberry*  described  without  figures 
a  large  number  of  forms  collected  by  him  from  roof  shales  of  the  Sharon 
coal  bed  in  northern  Ohio.  Simultaneously  Mr  Lesquereuxf  was  en- 
gaged in  the  study  of  remains  collected  within  the  Anthracite  region 
of  Pennsylvania;  but  his  results  were  not  announced  until  1856,  when 
they  appeared  in  preliminary  form,  the  final  publication  being  in 
1858.  His  collections  were  incomplete  and  the  locality  labels,  ap- 
parently, were  not  always  correct;  but  the  work  was  marked  by  great 
care  and  his  figures  by  exactness.  Unfortunately  the  species,  of  which 
the  range  was  known  only  imperfectly,  were  used  in  correlating  the  coal 
beds  of  Pennsylvania  and  Kentucky,  with  results  so  erratic  that  for  a 
long  time  the  testimony  of  plant  remains  was  thought  to  be  of  little 
service  in  correlation.  In  1873  Professor  Newberry  t  described  and 
figured  a  few  forms  from  the  Sharon  horizon,  one  of  which,  belonging 
to  a  new  genus,  seemed  to  be  somewhat  closely  allied  to  Tceniopteris; 
and  two  years  later  Professor  Andrews  §  gave  figures  and  descriptions  of 
17  new  species  obtained  in  Perry  county  of  Ohio,  at  the  very  bottom  of 
the  Ohio  Coal  Measures  as  then  limited.  This  flora  is  described  as 
having  close  affinity  with  the  Devonian,  while,  like  that  described  by 
Newberry,  it  3rield8  a  new  genus,  thought  to  belong  to  the  Tseniopteridae. 
In  the  interval  Professor  Fontaine  ||  had  collected  a  few  forms  from  the 
Sewell  coal  bed  of  New  river.  West  Virginia,  and  had  emphasized  the 
Devonian  aspect  of  the  flora.  In  1876  Mr  Lesquereux  If  published, 
without  figures,  a  list  of  species  obtained  in  eastern  Alabama  from  the 
lower  portion  of  the  Coal  Measures  of  that  state,  and  recognized  the 
forms  as  older  than  the  'Tifillstone  grit,**  apparently  the  same  with  the 
Sharon  conglomerate,  which  he  seems  to  have  regarded  as  the  basal  mem- 
ber of  the  Upper  Carboniferous.  He  lays  stress  upon  the  intimate 
relationship  of  some  of  the  forms  to  Devonian  types.  In  1880  was  pub- 
lished Mr  Lesquereux^s**  descriptive  catalogue  of  Coal  Measures  plants, 
in  which  are  enumerated  599  species  and  varieties  then  known  in  the 
United  States.  A  table  showing  the  vertical  distribution  of  the  forms 
brings  out  clearly  the  fact  that  the  flora  of  the  New  Eiver  beds  is  not 
related  to  that  of  post-Sharon  beds  in  Ohio,  and  that  it  has  much  in  com- 

•  J.  S.  Newberry :  Annals  of  Science,  toI.  11. 

t  ti.  Lesqueren  :  Proc.  Bost.  Soc.  of  Nat.  Hist..  Geology  of  Pennsylvania,  vol.  11,  pp. 
8S7-S84. 

t  J.  S.  Newberry :  Palspontology  of  Ohio,  vol.  1,  pp.  359. 

I  E.  B.  Andrews:  Paleontology  of  Ohio,  vol.  11.  p.  415. 

I  W.  M.  Fontaine:  The  Great  Conglomerate.  Am.  Jour.  Scl.,  iii«  vol.  vU.  d.  674. 

t  L.  r^esquereuz :  Geological  Survey  of  Alabama,  Rept.  for  1876,  p.  76. 

••Ia  Tieflnnereux:  Description  of  the  coal  flora  of  the  Carboniferous  formation  In 
Peonsylvania  and  throughout  the  United  States,  vol.  1. 
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mon  with  that  of  the  lower  beds  in  Tennessee  and  southward.  Separate 
lists  of  forms  collected  at  many  localities  in  Pennsylvania,  Ohio,  Ken- 
tucky, Tennessee,  and  Alabama  afford  means  for  a  closer  comparison, 
which  is  made  in  a  chapter  on  Stratigraphical  Distribution.  This  work 
marks  a  great  advance  in  application  of  plant  remains  in  problems  of 
correlation  and  an  equal  advance  in  methods  of  studying  the  remains 
themselves. 

In  the  same  year  Professors  Fontaine  and  White*  published  figures 
and  descriptions  of  species  obtained  from  the  roof  and  partings  of  the 
Waynesburg  coal  bed,  together  with  some  from  other  horizons  in  the 
Monongahela  and  higher  formations.  Here  one  finds  a  serious  attempt 
to  utilize  the  testimony  of  plant  remains  in  broad  correlation  of  horizons. 
The  effort  in  the  introductory  chapter  to  compare  floras  characterizing 
the  several  formations  exposes  the  n^lect  of  which  students  had  been 
guilty  throughout  the  Appalachian  field,  for  the  collections  were  so  scanty 
that  the  authors  had  to  be  content  with,  for  the  most  part,  only  general 
statements.  Comparisons  were  made  between  plants  collected  from  the 
upper  part  of  the  Eockcastle  on  New  river  of  West  Virginia,  those  listed 
by  Lesquereux  from  Alabama,  and  the  forms  obtained  in  Ohio  by  N'ew- 
berry  and  Andrews,  and  the  important  conclusion  was  drawn  that  the 
Pottsville  flora  has  a  genuine  facies,  distinguishing  it  from  those  of 
formations  below  as  well  as  from  that  of  the  Allegheny  above.  Material 
for  comparison  was  almost  wholly  wanting  from  the  Allegheny,  Cone- 
maugh,  and  Monongahela  formations,  being  confined  for  each  t»  one  or 
two  localities.  The  forms  described  in  this  volume  were  obtained  chiefiy 
from  the  roof  shales  of  the  Waynesburg  coal  bed  at  Cassville,  in  West 
Virginia,  4  or  5  miles  south  from  the  Pennsylvania  line;  but  small 
collections  had  been  made  from  that  horizon  elsewhere  in  West  Virginia 
and  from  Greene  county  of  Pennsylvania.  The  peculiar  feature  noted 
at  Cassville  is  that  the  plants  are  "distributed  in  the  most  singular  man- 
ner, they  being  grouped  in  colonies,  which  are  confined  within  very 
narrow  limits ;  so  that  the  plants  which  abound  at  one  opening  for  coal 
will  be  entirely  wanting  in  another  only  a  few  hundred  yards  distant, 
where  we  find  instead  of  them  a  collection  of  species  so  different  that  it 
might  well  characterize  a  different  horizon.'* 

In  all,  107  species  and  varieties  are  given  as  obtained  from  the  Cass- 
ville shale  and  higher  horizon.  Of  these,  56  are  peculiar  to  the  Cass- 
ville shale,  15  are  common  to  the  Cassville  shale  and  that  overlying  the 
coal  bed  in  Doddridge  county,  taken  by  the  writer  to  be  the  TJniontown, 


•  W.  M.  Fontaine  and  T.   C.  White :  The  Permian  or  Upper  Carboniferous  flora  of 
West  Virginia  and  southwestern  Pennsylvania. 
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but  at  that  time  believed  by  all  to  be  the  Waynesburg;  14  are  peculiar 
to  the  Doddridge  horizon;  9  are  confined  to  the  Washington  coal  or 
higher  horizons,  while  11  have  a  great  vertical  range,  some  surviving 
from  the  Doddridge  shale  to  600  or  800  feet  above  the  Waynesburg 
coal  bed. 

The  final  chapter  of  the  work  is  an  elaborate  comparison  of  this  flora 
with  European  forms,  including  also  a  comparison  of  the  physical 
changes  closing  the  Carboniferous  of  this  area  with  those  closing  the 
Carboniferous  and  Permian  of  Europe.  The  conclusion  reached  by  the 
authors  is  that  the  Upper  Barrens  of  the  Appalachian  field  (Washing- 
ton and  Greene  formations)  are  of  Permian  age,  and  this  is  based  on 
evidence  from  identical  or  allied  species,  the  decadence  of  Coal  Measures 
forms,  the  introduction  of  types  characteristic  of  later  formations  as 
well  as  on  that  from  physical  contrasts  between  the  Upper  Barrens  and 
the  preceding  formations.  They  find  that  28  species  are  common  to 
the  Upper  Barrens  and  the  Permian  of  Europe,  of  which  12  have  been 
found  in  the  United  States  Coal  Measures,  while  2  are  exclusively  Per- 
mian and  4  others  are  closely  allied  to  European  Permian  forms. 

The  importance  of  this  communication  was  recognized  at  once,  but 
the  conclusions  were  not  accepted  as  final,  chiefly  because  of  the  paucity 
of  known  material  from  the  Allegheny,  Conemaugh,  and  Monongahela 
formations  which  might  be  used  for  comparison.  No  further  investi- 
gation of  the  problem  was  made  for  almost  23  years,  until  Mr  David 
White,  after  study  of  extensive  collections  from  the  earlier  formations, 
undertook  preliminary  revision  of  the  horizons  discovered  and  discussed 
bv  Professors  Fontaine  and  I.  C.  White.  The  results  of  this  revision 
were  published  in  1903.*  The  collections,  made  at  the  typical  as  well 
as  at  other  localities  and  horizons,  led  Mr  White  to  place  the  forms  in 
five  categories : 

a,  those  characteristic  of  the  Eothliegende  or  higher  formations  of 
the  Old  World;  h,  those  closely  allied  to  Permian  types;  c,  those  whose 
habit  or  fades  suggests  a  late  date;  d,  those  of  Mesozoic  aspect;  e,  Coal 
Measures  type. 

In  the  first  category  Mr  White  places  3  species  of  Callipteris,  one  each 
of  Ooniopteris,  Pecopteris,  Alethopteris,  Odontopieris,  Caulopteris, 
Equisetiies,  and  Sigillaria,  with  2  species  of  Sphenophyllumj  in  all,  13 
species.  In  the  second  are  also  12,  but  the  author  states  that  the  num- 
ber might  be  extended  according  to  the  personal  equation  of  the  observer 
or  to  the  amount  of  material  available  for  comparison,  while,  at  best, 

*  D.  White :  Permian  elements  In  the  Dunk&rd  flora.  Bull.  Geol.  Soc.  Am.,  vol.  14,  pp. 
538  et  seq. 
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evidence  of  this  class  is  of  subordinate  value,  some  of  tbe  forms  placed 
here  belonging  with  equal  propriety  also  in  succeeding  categories.  He 
places  in  the  third  category  14  forms,  all  of  them  new  and  unknown 
elsewhere;  these  in  their  general  facies  suggest  a  later  date  than  Coal 
Measures.  He  places  9  forms  in  the  fourth  category  and  regards  their 
presence  as  an  interesting  and  important  argument  for  Permian  age,  for 
they  are  types  whose  nearest  relatives  are  Mesozoic  or  whose  facies 
strongly  suggests  types  characteristic  of  Mesozoic.  Here  are  species  of 
Equisetites,  Saportcea,  Jeanpaulia,  and  Tceniopteris,  as  well  as  of  oth^r 
genera.  On  the  other  hand  are  forms  belonging  to  the  fifth  category, 
a  considerable  element  of  Coal  Measure  species,  whose  presence  is  in- 
vincibly against  reference  of  the  beds  to  a  level  above  the  basal  Permian. 
The  number  of  species  common  to  the  Dunkard  and  lower  formations, 
only  22  at  the  time  when  Professors  Fontaine  and  I.  C.  White  published 
their  work,  is  now  known  to  be  much  greater,  as  the  Monongahela  flora 
has  been  studied  in  part.  Mr  White  enumerates  29  common  forms  which 
are  of  ordinary  occurrence  in  the  Coal  Measures,  these  being  only  the 
more  widespread  forms,  more  than  one-half  of  them  appearing  frequently 
in  the  Allegheny  or  Conemaugh. 

Mr  White  finds  in  the  Dunkard  plants  a  transitional  flora,  such  as 
should  be  expected  in  a  region  where  conditions  remained  practically 
the  same.  The  boundary  between  Coal  Measures  and  Dyas  is  to  be 
determined  by  the  appearance  of  characteristic  RothlitJgende  species 
rather  than  by  the  presence  of  persistent  Coal  Measures  types.  In  west- 
em  Europe  the  presence  of  Callipteris,  simple-fronded  Tcpniopieris, 
CaUipteridium  of  the  gigas  or  regina  type,  and  the  genus  Walchia  in  a 
flora  consisting  largely  of  forms  common  to  the  Coal  Measures  is  re- 
garded as  sufficient  evidence  of  Eothliegende  age,  though  Callipteris 
conferta  and  even  Walchia  may  appear  lower  down.  In  the  Appalachian 
region  a  small  form  of  Callipteris  conferta  appears  at  the  horizon  of  the 
Lower  Washington  limestone,  while  the  typical  larger  form,  with  Callip- 
teridium  gigas  and  others,  is  unknown  below  the  Dunkard  coal  bed.  The 
evidence  of  Eothliegende  age  for  beds  below  the  Lower  Washington  lime- 
stone consists  in  the  presence  of  Equisetites  rugosus  and  several  less  im- 
portant forms  and  of  some  others  which  have  Mesozoic  or  Permian 
aspect;  but  these  latter  are  extremely  rare,  having  been  found  only  in 
a  single  coal  drift,  though  careful  search  has  been  made  for  them 
elsewhere. 

Mr  White  regards  the  beds  below  the  Lower  Washington  limestone  as 
containing  a  transitional  flora  and  not  distinctly  Bothliegende,  but  above 
that  limestone  the  flora  becomes  increasingly  characteristic.    As  in  that 
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limestone  is  the  first  appearance  of  Oallipteris  conferta,  he  thinks  the 
lower  limit  may  be  drawn  safely  at  that  horizon.  The  flora  of  the  upper 
Dimkard  is  to  be  compared  with  the  Stockheim  and  Cusel  beds  in  Ger- 
many and  the  series  in  the  basin  of  Brives  in  France,  None  of  the 
characteristic  coniferous  genera,  Ullmannia,  Tylodendron,  Walchia,  oc- 
curs in  Dunkard  beds,  though  all  are  in  Prince  Edward  island  and 
Walchia  is  reported  from  Texas;  and  similarly  many  genera  of  ferns 
characterizing  the  Eothliegende  of  Europe  seem  to  be  wholly  unrep- 
resented. 

In  connection  with  Mr  White's  conclusions,  it  is  well  to  recall  some 
relations  noted  in  preceding  pages.  The  general  physical  conditions 
during  Allegheny  and  Conemaugh  were  practically  the  same;  for,  while 
the  basin  was  contracting,  there  was  no  material  variation  in  character 
of  the  movements;  but  with  the  beginning  of  the  Monongahela  the  area 
of  greatest  subsidence  was  shifted  a  hundred  miles  and  the  new  condition 
remained  unaltered  throughout  the  Monongahela  and  Washington,  which 
in  this  respect  are  one  as  the  Allegheny  and  Conemaugh  are  one,  A 
notable  change  occurred  at  the  Washington,  and  Mr  White  has  shown 
that  the  strongly  marked  lower  Bothliegende  flora  makes  its  appearance 
near  the  bottom  of  the  Greene  formation. 

After  the  publications  in  1880,  no  others,  aside  from  a  supplement 
to  Mr  Lesquereux's  catalogue,  appeared  until  1894,  when  Mr  White  pre- 
sented a  discussion,  which,  like  that  by  Fontaine  and  I.  C.  White,  marks 
a  stage  in  the  development  of  paleobotanic  study  within  the  United 
States.  In  this  paper  *  the  term  "Pottsville'^  is  applied  to  beds  extend- 
ing from  the  base  of  the  Pennsylvanian  to  and  including  the  Nuttall 
sandstone,  which  passes  under  New  river  at  Kanawha  falls,  this  use  of 
the  term  being  in  accord  with  usage  then  prevailing  for  that  region;  it 
is  equivalent  to  Bockcastle.  The  discussion  was  based  on  study  of  col- 
lections made  by  the  author  at  12  horizons  whose  relations  were  deter- 
mined by  his  stratigraphic  work  along  New  river.  He  availed  himself 
of  previous  studies  by  Professor  Fontaine  and  of  collections  made  away 
from  the  river  by  Mr  M.  E.  Campbell,  whose  stratigraphic  work  left  no 
room  for  doubt  respecting  relations  of  the  localities. 

The  lowest  two  horizons  seem  to  belong  to  the  Mississippian,  but  the 
third,  at  375  feet  from  the  bottom,  yielded  4  forms  characterizing  the 
Pocahontas  coal  bed  at  the  Virginia-West  Virginia  line,  75  miles  away. 
Soon  after  this  determination  was  announced,  Mr  Campbell  proved  the 
stratigraphic  equivalence  of  the  horizons.    The  fifth  horizon,  that  of 

•  D.  White :  The  PottsyiUe  series  aloDg  New  river,  West  Virginia.  BuU.  Geol.  Soe. 
Am.,  ToL  0,  ps».  808-820. 

ZIII — Bull.  Oiol.  Soc.  Am.,  Vou  18,  1906 
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the  Quinnimont  coal  bed,  about  dOO  feet  from  the  bottom,  yielded  40 
fonnfl,  which  were  compared  with  those  collected  at  localities  in  Ohio, 
Temiessee,  and  Alabama.  One  form  is  common  to  the  Pocahontas^  10 
are  in  Alabama,  and  one  is  allied  to  a  form  described  by  Newberry  from 
Ohio.  About  one»third  of  the  species  are  of  such  vertical  range  as  to 
be  valueless  for  correlation,  but  nearly  one^alf  of  the  forms  or  their 
varieties  are  confined  definitively  to  the  small  middle  part  of  the  section, 
in  which  one  finds  the  Horsepen  coal  beds  farther  south  in  Virginia.  The 
eighth  horizon,  about  1,175  feet  from  the  bottom,  is  that  of  the  Sewell 
eoal  bed.  At  all  localities  the  forms  collected  resemble  closely  those 
obtained  from  the  Sewanee,  Bockwood,  and  Tracy  mines  of  Tennessee  so 
closely  that  the  author  regarded  the  horizon  as  one  throughout — a  con- 
clusion readied  ten  yean  afterward  by  Stevenson  on  purely  stratigraphic 
grounds  and  without  any  referenoe  whatever  to  Mr  White's  researches. 
The  eleventh  horizon,  1,500  feet  from  the  bottom,  is  in  the  Nuttall 
sandstone,  where  10  forms  were  obtained—^  flora  whose  preponderating 
elements  are  characteristic  of  the  Sharon  coal  bed  in  Ohio. 

Mr  White's  correlations  were  very  important.  He  found  that  the 
Sharon  flora  was  confined  to  the  highest  portion  of  the  section,  and  was 
led  to  assert  that  the  great  mass  of  sediment  in  the  New  Biver  region 
and  southward  was  older  than  the  Sharon  sandstone  of  Pennsylvania  and 
Ohio,  thus  confirming  the  observation  made  20  years  before  by  Professor 
Andrews  and  overlooked  by  all  students,  because  made  incidentally  and 
buried  in  a  paper  referring  to  other  matters.  But  Mr  White  was  able 
to  extend  the  generalization  to  the  Anthracite  fields  of  Pennsylvania. 
The  forms  from  the  bottom  of  the  thick  sections  of  Pottsville  have  much 
in  common  with  the  Culm  or  Lower  Carboniferous  series  of  the  Old 
World,  while  those  from  the  middle  present  the  general  facies  of  the 
Ostrau-Waldenburg  fiora  of  Moravian  Silesia. 

These  conclusions  were  wholly  at  variance  with  those  reached  by 
stratigraphers  who  had  studied  the  Coal  Measures  of  Pennsylvania  and 
West  Virginia.  Six  years  later  Mr  White  published  another  paper,  also 
preliminary,  in  which  the  floras  of  various  horizons  in  the  Allegheny 
formation  of  Pennsylvania  were  compared  with  those  of  the  Kanawha 
formation  of  West  Virginia.  These  had  been  regarded  by  most  of  the 
stratigraphers  as  equivalent,  though,  as  stated  on  a  preceding  page,  the 
tracing  was  incomplete,  being  interrupted  by  a  space  of  about  60  miles 
in  northern  West  Virginia — ^a  space  where,  as  already  shown,  notable 
changes  take  place  in  both  Allegheny  and  Beaver  and  in  which  the  Bock- 
castle  has  its  northern  boundary. 
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Mr  White's*  discussion  was  based  on  study  of  collections  made  by 
himself  from  the  Clarion,  Kittanning,  and  Freeport  groups  of  Pennsyl- 
vania as  well  as  from  the  upper  and  lower  portions  of  the  Kanawha 
group,  this  latter  term  being  applied  to  the  rocks  above  the  Nuttall  sand* 
stone  up  to  and  including  the  Stockton  coal  bed,  underlying  the  Kanawha 
Black  Flint.  The  study  is  reported  in  detail,  full  lists  of  plants  at  each 
horizon  being  given  and  their  relations  compared  closely.  It  is  seces* 
sary  here  to  note  only  the  author's  conclusions. 

Some  forms  are  common  to  the  lower  Kanawha  and  the  Allegh«iy,  but 
they  are  either  those  of  wide  vertical  range  or  such  as  originate  in  the 
upper  zone  of  the  Pottsville  as  now  understood.  A  very  large  proportion 
of  the  forms  which  can  be  identified  positively  are  either  the  same  with 
upper  Pottsville  (Beaver)  forms  or  are  modifications  of  them.  The 
plant  life  of  the  lower  Kanawha  is  distinct  from  that  of  even  the  Clarion 
or  lower  AU^heny,  not  only  in  the  different  forms  of  ferns,  but  also 
Lq  the  more  important  relations  of  the  flora  as  a  whole.  The  fern  ele* 
meats  of  the  Pennsylvania  Allegheny  are  essaitially  different  from  those 
of  the  lower  Kanawha  and  are  in  contrast  with  those  below  the  Home- 
wood  sandstone  (top  of  Beaver)  of  western  Pennsylvania  and  below  the 
Buck  Moimtain  conglomerate  in  the  Southern  Anthracite  field.  The 
flora  of  the  Freeport  group  is  allied  to  that  of  the  Upper  Coal  Measures 
of  Pennsylvania  or  the  Middle  Coal  Measures  of  the  Old  World;  even 
that  of  the  Clarion  group  is  still  bound  to  the  higher  floras  and  is  com- 
parable to  the  Middle  Coal  Measures  of  Britain,  the  upper  portion  of  the 
Westphalian  series;  but  the  floral  associations  in  the  lower  half  of  the 
Kanawha  are  almost  totally  lacking  in  characteristic  elements  of  the 
Allegheny  flora.  Many  of  its  elements  are  slight  modifications  of  types 
in  the  West  Virginia  "Pottsville*'  (Bockcastle)  and  in  the  Southern 
Anthracite  field,  while  the  greater  part  of  the  rest  are  closely  allied  to 
Pottsville  plants  elsewhere  or  are  imfamiliar  forms.  The  lower  Kanar 
wha  is  comparable  to  the  Westphalian  or  Lower  Coal  Measures  of 
European  basins.  It  is  an  elaborate  connecting  link  between  the  typical 
Pottsville  or  Millstone  grit  flora  and  the  Clarion  flora  of  the  Allegheny. 

The  flora  of  the  Stockton  coal  bed,  or  upper  Kanawha,  on  the  contrary, 
shows  a  large  proportion  of  forms  identical  with  those  found  in  the 
AU^heny  valley ;  it  is  a  typical  Allegheny  flora.  Absence  of  the  higher 
peeopterids  as  well  as  the  proportion  and  range  of  the  identical  forms  be- 
speak for  the  Stockton  flora  a  place  probably  not  higher  than  the  Clarion 

•  D.  White :  Relative  ages  of  the  Kanawha  and  Allegheny  series  as  Indicated  bj  the 
fomll  plants.     Bull.  Geol.  Soc.  Am.,  toI.  tl,  pp.  146-178, 
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group  of  the  Allegheny  in  Pennsylvania.*  CollectionB  from  beds  above 
the  Black  Flint  yield  floras  typical  of  the  higher  Allegheny  groups. 

This  paper  contains  important  generalizations  respecting  isostatic 
movements  in  the  southern  Virginia  region,  anticipating  in  full  much 
that  has  been  given  on  preceding  pages  respecting  geographical  changes. 
The  conclusion  is  reached  that  the  Allegheny  formation  shows  no  ex- 
traordinary expansion  in  the  Kanawha  region,  and  that  the  Conemaugh 
retains  its  Pennsylvania  thickness.  Detailed  information  puT^lished  after 
the  appearance  of  Mr  White's  paper  shows  that  the  Allegheny,  so  far 
from  thickening  on  the  Kanawha,  is  thinner  there  than  on  the  Allegheny 
river  of  Pennsylvania. 

In  the  same  year  appeared  a  delayed  paper  by  Mr  White,t  referring 
to  the  Anthracite  region.  This  discussion  is  based  on  a  careful  strati- 
graphical  study  of  the  Pottsville  in  the  Southern  Anthracite  field, 
whereby  many  indefinite  conceptions  of  the  relations,  especially  in  the 
western  part  of  the  field,  were  corrected.  During  this  study  collections 
of  plants  were  made  in  many  localities  which  were  compared  with  each 
other  and  with  those  obtained  elsewhere  within  the  Appalachian  basin. 
The  conclusions,  like  those  in  the  other  papers  already  cited,  were  pre- 
liminary and  subject  to  revision  in  a  monograph  of  the  Pottsville  flora 
which  has  not  been  published. 

The  type  locality  is  at  Pottsville,  in  the  eastern  part  of  the  field,  where 
a  detailed  section  was  obtained.  Plants  were  collected  at  41  places, 
covering  the  whole  field,  and  14  plant  horizons  were  discovered  at  the 
type  locality,  the  highest  being  about  200  feet  below  the  Buck  Mountain 
coal  bed,  long  taken  as  the  conventional  base  of  the  Allegheny.  Another 
plant  bed  is  at  43  feet  below  the  Buck  Mountain,  the  interval  being  filled 
with  conglomerate  and  coarse  sandstone,  while  an  abundant  flora  is  pres- 
ent in  the  roof  shale  of  that  coal  bed.  The  study  of  collections  obtained 
at  Pottsville  enabled  Mr  "White  to  divide  the  colunm  at  about  700  feet 
below  the  Buck  Mountain.  The  lower  division  contains  plants  charac- 
terizing the  Lower  Lykens  Valley  coal  beds,  Coal  4  and  lower,  at  the 
westerly  end  of  the  field;  a  transition  fiora  appears  in  three  beds,  640 
to  570  feet  below  the  Buck  Mountain,  and  an  Upper  Lykens  flora,  Lykens 
coals  2  and  3,  is  present  up  to  about  375  feet  below  the  Buck  Mountain, 
the  higher  plant  bed  underlying  about  100  feet  of  conglomerate;  while 
in  beds  at  245  and  210  feet  below  the  Buck  Moimtain  is  a  higher  flora^ 

*  Mr  White  in  a  later  paper  gave  reasons  for  placing  this  flora  at  an  even  lower 
horizon,  possibly  in  the  Pottsville. 

t  D.  White :  Fossil  floras  of  the  Pottsville  formation  in  the  Southern  Anthracite  coal 
field  of  Pennsylvania.    20th  Ann.  Rept.  of  U.  8.  Geol.  Survey,  pp.  765-930. 
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transition  to  that  of  the  Buck  Mountain  and  partaking  in  some  respects 
of  features  characterizing  the  Allegheny  flora. 

In  correlating  these  floras  with  those  from  other  portions  of  the  Ap« 
palachian  basin^  Mr  White  recognizes  in  the  lower  part  of  the  Lower 
Lykens  division  forms  wholly  characteristic  of  the  Pocahontas  coal  in 
the  Virginias  and  occurring  there,  as  in  the  Southern  Anthracite  field, 
with  very  narrow  vertical  distribution.  The  upper  portion  of  this 
Lower  Lykens  division  is  closely  related  to  the  Quinnimont  or  middle 
portion  of  the  New  River  section,  and  the  correlation  is  clear  for  that  as 
for  its  equivalent  in  Kentucky,  Tennessee,  and  Alabama.  The  Upper 
Lykens  flora  is  even  more  sharply  characteristic.  The  elements  of  the 
flora  in  the  roof  of  Lykens  3  are  so  preponderatingly  identical  with  those 
in  the  roof  of  the  Sewell  coal  bed  in  West  Virginia  and  of  the  Sewanee 
in  Tennessee  that  Mr  White  regards  those  coal  beds  as  practically  con- 
temporaneous. As  has  been  stated  already,  the  stratigraphic  study  con- 
firmed Mr  White's  correlation  of  the  Sewell  and  Sewanee  horizons ;  those 
localities  are  separated  by  an  interval  as  great  as  that  between  the  Sewell 
and  Lykens  Valley  localities.  The  highest  flora,  245  and  210  feet  below 
the  Buck  Mountain,  that  of  Lykens  coal  1,  is  nearly  allied  to  the  flora 
of  the  Mercer  coal  beds  and  possibly  contemporaneous  with  a  flora  in  the 
Gladesville  sandstone  of  southwest  Virginia,  as  well  as  in  Breathitt 
county  of  Kentucky,  which  accords  closely  with  stratigraphic  determina- 
tions in  Stevenson's  summary,  made  several  years  afterwards.*  This 
upper  portion,  ending  at  210  feet  below  the  Buck  Mountain,  appears  to 
l>e  equivalent  to  the  lower  part  of  the  Kanawha  formation.  The  Camp- 
bell's Ledge  flora,  in  the  northern  Anthracite  field,  only  a  few  feet  above 
the  Shenango  shale,  or  highest  beds  of  the  Mississippian,  seems  to  be 
related  to  that  of  this  upper  or  transition  series,  its  place  being  near  the 
Mercer  horizon,  a  little  way  higher  than  given  in  Stevenson's  Pottsville 
correlation,  where  it  was  placed  at  the  horizon  of  the  Sharon  coal  bed. 

The  relations  of  the  Buck  Mountain  flora  are  considered  in  this  paper. 
In  all  other  publications  referring  to  the  Anthracite  fields  tlie  Buck 
Mountain  coal  bed  has  been  taken  as  the  bottom  of  the  Allegheny.  This 
boundary,  fixed  arbitrarily  by  Professor  H.  D.  Rogers,  is  convenient, 
as  that  coal  bed  is  persistent  and  important  in  by  far  the  greater  part 
of  the  Southern  and  Middle  fields.    But  Mr  White  has  shown  conclusively 

*  lo  a  later  paper,  "DepoRitloD  of  the  Appalachian  rottsyllle/*  Mr  White  Is  In- 
clined to  flee  the  Sharon  coal  horizon  above  the  Gladesville  sandstone,  which  would 
carry  the  npper  limit  of  the  Pottsyllle  above  the  plane  assigned  by  Stevenson.  It  It 
wbolly  probable  that  the  stratigraphic  evidence  will  confirm  this  conclusion,  for  the 
measarements  on  which  Stevenson  based  his  correlation  of  the  Gladesville  sandstone 
wltb  the  sandstone  of  Kentucky  have  been  proved  defective. 
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that  this  arbitrary  boundary  does  not  coincide  with  the  paleontologic 
boundary,  which  is  lower,  100  feet  or  more;  he  would  include  in  the 
Allegheny  a  small  coal  bed,  72  feet  below  the  Buck  Mountain  at  Potts- 
ville,  and  would  carry  the  boundary  downward  to  a  still  undetermined 
line  between  that  coal  bed  and  the  plant  horizon  at  210  feet  below  the 
Buck  Mountain.  The  flora  of  the  Twin  or  Buck  Mountain  coal  bed  is 
comparable  to  that  of  the  Clarion  group  in  western  Pennsylvania. 

Table  of  Formations 

Later  information,  as  well  as  better  knowledge  of  the  relations  ob- 
tained during  the  progress  of  this  work,  makes  necessary  some  revision 
of  the  nomenclature  employed. 

No  change  is  suggested  for  the  Mississippian  (A.  Winchell,  1870)  or 
Lower  Carboniferous,  and  the  terms,  Logan,  Tuscumbia,  Maxville,  and 
Shenango  are  retained ;  but  paleontological  studies,  of  which  preliminary 
results  have  been  published,  seem  to  make  clear  that  the  writer  has 
included  under  the  Logan  some  deposits  which  may  be  of  earlier  age. 
The  observations  on  which  dependence  was  placed  for  connection  around 
the  northwestern  and  western  outcrop  in  Pennsylvania  and  Ohio  appear 
to  be  defective.  There  is  apparently  no  room  for  doubt  in  the  great 
part  of  the  basin,  for  the  vast  number  of  oil-well  records  in  southwestern 
Pennsylvania  and  in  West  Virginia  make  abundantly  evident  that  the 
great  oil-bearing  sandstone  is  essentially  continuous  throughout  and  the 
same  with  that  which  both  Andrews  and  Orton  term  Ijogan  in  south- 
eastern Ohio. 

But  a  new  grouping  for  the  Pennsylvanian  or  Upper  Carboniferous 
seems  to  be  required,  in  view  of  conditions  described  under  the  caption 
of  Geographical  changes.    It  is  presented  in  the  following  table: 

rPottsviUe  (J.  P.  Lesley) 


Pennsylvanian 
(H.  S.  Williams)^ 


Athens  (J.  J.  Stevenson) 


Wlioeliuj?  (J.  J.  Stevenson)"^ 


Dunkard  (I.  C.  White,  re- 
stricted by  J.  J.  Stevenson) 


/^Rockcastle  (A.R.Oraiidall) 
Beaver  (J.  P.  Lesley) 
Allegheny    (H.   D.    Rogers, 

restricted  by  P.  Piatt) 
Conemaugh  (F.  Piatt) 
Monongnbela  (H.D.Rogers, 
restricted  by  I.  C.  White) 
Washington  ( J.J.  Stevenson ) 
Greene  (H.  D.  Rogers,  re- 
stricted by  J.  J.  Stevenson ) 


The  term  "Athens"  refers  to  the  county  of  that  name  in  Ohio,  and 
"Wheeling"  to  the  stream  which  flows  through  the  western  portions  of 
Greene  and  Washington  counties  of  Pennsylvania,  Marshall  and  Ohio 
counties  of  West  Virginia,  localities  in  which  the  respective  columns 
are  shown  in  their  full  extent. 
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Extent 

The  so-called  Trenton  and  Oalena  limestones  of  Wisconsin^  Illinois, 
Iowa,  and  Minnesota  have  long  been  recognized  as  forming  a  practically 
continuous  surface  area,  and  they  are  so  represented  on  geologic  maps 
(figure  1).  They  are  nearly  coextensive  with  the  subjacent  Saint  Peter 
sandstone.  All  three  of  these  formations  are  greatly  cut  away  by  erosion 
on  their  northward  side  and  they  appear  to  have  originally  extended 
much  farther  than  they  now  do  in  that  direction.  The  extent  of  area 
from  which  these  formations  of  the  Ordovician  age  have  been  denuded 
is  perhaps  as  great  as  their  present  surface  area.  This  area  was  also 
once  doubtless  covered,  in  part  at  least,  by  the  Maquoketa  shales  and  by 
Silurian  and  Devonian  formations.  On  the  general  southward  side  of 
the  present  surface  area  of  the  so-called  Trenton  and  Galena  limestones, 
these  formations,  with  the  overlying  Maquoketa  shales,  extend  with 
gentle  dip  very  far,  or  an  indefinite  distance,  imder  formations  of  the 
Silurian,  of  the  Devonian,  or  of  the  Carboniferous,  as  the  case  may  be. 

Uniformity 

The  two  formations  under  consideration  here  evidently  had  an  origi- 
nally very  wide  extent;  and  yet  their  combined  thickness  is  perhaps  never 
much  over  300  feet,  nor  less  than  200,  where  they  are  not  eroded  at  the 
top.  Their  wide  extent  and  their  evident  great  uniformity  of  thick- 
ness are  therefore  such  as  to  indicate  a  very  widely  uniform  condition  at 
the  time  of  their  deposition.     The  contained  fossils  show,  of  course,  that 

*  UanuKript  receiyed  by  the  Secretary  of  the  Society  December  29,  1907. 
XIV — Bdll.  Obol.  Soc.  Am.,  Vol.  18,  1906  (179) 
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they  are  marine  deposits.     Some  fossil  species  occur  in  practically  every 
stratum  from  top  to  bottom  of  the  series  and  in  practically  every  locaL'ty 


Figure  1. — Map  showing  Distribution  of  the  Oalena  and  Trenton  Formations. 

of  the  area,  thus  indicating  a  constantly  uniform  condition  and  a  single 
marine  province. 
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In  regard  to  their  lithologic  characters^  limestone  dominates  in  both  the 
Galena  and  Trenton^  although  diversity  of  rock  is  found  in  each^  ranging 
from  porous  granular  dolomite  to  lithographic  limestone^  clay-shale,  and 
even  fat  clay  in  places  No  considerable  sand  constituent  and  no  recog- 
nizable sandstone  stratum  occurs  in  any  part,  except  just  at  the  contact 
with  the  Saint  Peter  sandstone.  Intraformational  conglomerate*  occurs 
in  several  zones  from  Minnesota*  to  southwestern  Wisconsin.  This  con- 
glomerate appears  to  be  the  result  of  marine  corrosion,  and  possibly  ero- 
sion in  part,  and  tends  to  prove  that  intervals  of  non-deposition  of  sedi- 
ment obtained  over  part  if  not  all  of  the  area  between  certain  periods 
of  deposition.  Again,  there  are  carbonaceous  bands  of  compacted 
fucoids  which  are  in  some  places — for  example,  at  Faribault,  Minne- 
sota— capable  of  being  ignited  and  might  be  called  a  low-grade  coal. 
These  bands  occur  in  diverse  zones.     Oolitic  limonite  occurs  in  places. 

With  such  lithologic  differences  that  in  the  region  about  Beloit,  Wis- 
consin, the  so-called  Trenton  is  practically  all  limestone  and  the  same 
about  Rochester,  Minnesota,  practically  all  shale;  that  the  Galena  about 
the  Beloit  region  has  the  typical  granular  dolomite  or  Qalena  phase, 
while  south  of  Rochester  the  Qalena  phase  is  very  limited,  there 
is  a  notable  contrast  in  the  lithologic  evidence  as  compared  to  that 
of  the  great  uniformity  of  thickness  and  wide  extent  of  the  formations. 
The  Uthologic  diversity  may,  in  fact,  lead  a  person  to  doubt  that  original 
uniformity  existed  or  that  these  deposits  were  made  under  widely  imiform 
conditions. 

Whether  the  lithologic  differences  which  we  now  see  in  the  Oalena 
ODd  Trenton  formations  were  largely  original  sedimentary  differences  or 
not  can  not  be  positively  asserted  at  present.  The  petrographic  changes 
which  have  taken  place  successively  and  in  diverse  parts  of  the  so-called 
Trenton  limestone  and  the  Galena  limestone  have  not  been  fully  worked 
out.  Discussions  of  their  origin  and  special  consideration  of  the  ores 
and  other  minerals  of  these  formations  have,  indeed,  been  repeatedly 
given,!  y®^  much  more  on  the  whole  remains  to  be  traced  out.  For  ex- 
ample, it  is  an  observed  fact  that  the  originally  silicious  skeletons  of 
sponges,  as  they  occur  at  Minneapolis  and  in  neighboring  regions,  are 
calcified,  while  in  northern  Illinois  and  southern  Wisconsin  many  orig- 
inally calcareous  shells  are  silicified.  Besides  such  mineral  alteration, 
both  exfiltration  and  infiltration,  especially  of  calcium  carbonate,  have 
taken  place  locally  to  some  extent.     Possibly  most  of  the  differences  be- 

*  F.   W.    SardeBon :    Intraformational   conglomerate   of   the  Galena   series,   American 
Oeologlat,  yd.  zxii,  1808,  p.  316. 
t  T.  C.  Chamberlin :  Geology  of  Wisconsin,  vol.  1,  1883,  pp.  161,  168,  169. 
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een  limestone  and  shale  strata  as  we  see  them  in  the  field  are  ot  such 
[gin.    In  other  words,  where  different  kinds  of  deposit,  such  as  ca^ 
reouB  and  iion-calcareous  clay,  were  made  originally,  exfiltration  of  the 
rmer  may  have  left  both  alike,  or  infiltration  of  the  latter  made  a  sim- 
ir  likeness,  or  even  both  such  changes  obtaining  may  have  reversed  the- 
iginal  difference. 

While  I  have  observed  the  variations  •f  differences  of  rock  in  the  two* 
rmations  under  consideration  over  the  greater  part  of  their  extent>  I 
1  not  prepared  to  make  an  exposition  of  petrographiO' changes  which 
ve  taken  place  locally  and  successively  in  them.    My  observations  have 
en  directed  chiefly  along  the  line  of  the  occurrence  of  fossils,  their 
Icification,  dolomitization,  silicification,  pyritization ;  of  the  occurrence 
galenite  and  sphalerite  in  corals  and  shells;  and  of  the  exfiltration, 
tnpacting,  and  infiltration  of  fossils  and  fossiliferous  strata.    I  am 
epared  only  to  express  an  opinion,  on  this  partial  evidence,  that  the 
^ersity  of  rock  type  has  been  increased  as  a  rule;  that  the  original  con- 
tion  of  these  formations  was  more  uniform  than  their  present  condi- 
gn.   I  may  add  that  the  internal  casts  of  shells  in  the  clay  beda  are 
Qerally  limestone  still ;  also,  as  I  have  observed,  the  fossil  shell  of  lAn* 
la  iowensis,  Owen,  proves  local  compacting  of  strata.    The*  speoimAns 
that  species  may  occur  in  any  stratum  of  the  series.     They  are  genei^ 
y  in  vertical  position.    They  show  a  shortening  from  vertical  compres-* 
»n  of  the  matrix  of  from  one-tenth  to  nine-tenths  of  their  original 
igth. 

Regarding  paleontologic  evidence,  I  have  already  aided  in  making 
own  facts  tending  to  prove  that  there  was  general  uniformity  of  faunal 
iditions  over  the  entire  area  from  Green  Bay,  Wisconsin,  to  Dubuque, 
A'a,  and  from  Beloit,  Wisconsin,  to  Minneapolis,  Minnesota.  Under 
•ection  of  Professor  C.  W.  Hall,  I  traveled  over  the  entire  area  under 
isideration  and  published  the  results  as  to  the  faunal  and  strati- 
iphic  succession  in  Minnesota*  and  gave  some  comparison  of  the  same, 
th  the  stratigraphic  succession  as  seen  in  Wisconsin.  Nine  or  ten  dis- 
iguishablc  faunal  zones  or  beds  are  recognizable  in  Minnesota,  and  the 
ne  zones  are  evident  over  the  entire  area  in  Wisconsin,  Illinois,  and 
iva  as  far  as  the  formations  are  accessible  or  preserved.  Later,  a  more 
nplete  correlation  was  published,!  and  in  this  case  special  attention 

'  C.  W.  Hall  and  F.  W.  Sardeson :  Paleozoic  formations  of  Boutheaatem  Minnesota, 
II.  Geol.  Soc.  Am.,  vol.  3,  1802,  pp.  331-338;  F.  W.  Sardesoh :  The  range  and  dlstrl- 
ion  of  the  rx>wer  Silurian  fauna  of  Minnesota,  with  descriptions  of  some  new  species. 
11.  Minn.  Acad.  Nat.  Sci.,  vol.  3,  1892  (excerpt  April  6). 

The  Cialena  and  Maquoketa  series,  American  Geolo^ifiBt,  vol.  xtIII,  1896*  p.  356,-  and 
.  xlx,  1897,  p.  21. 
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was  paid  to  the  application  of  names  to  the  several  parts  of  the  Qalena 
and  also  of  the  Ma'qttoketa  series.  N.  H.  Winchell  and  E.  0.  Ulrich*  at 
the  same  time  adopted  a  very  similar  stratigraphic  and  paleontologic 
scale  as  my  own  for  Minnesota,  and  they  correlate  not  merely  with  Wis- 
consin, but  adopt  the  formational  names  Stones  River  and  Black  River 
from  more  distant  regions,  instead  of  using  the  name  Trenton  limestone, 
this  last  name  in  turn  being  used  instead  of  the  term  Galena  limestone. 

Without  attempting  to  repeat  to  any  extent  the  evidence  as  it  appears 
in  the  cited  articles  concerning  the  two  formations  now  xmder  discussion, 
I  may  say  in  brief  that  the  extent,  uniformity  of  thickness,  evident  orig- 
inal petrographic  equality,  and,  above  all,  the  evidence  of  persisting  or 
coextensive  faunal  zones,  marked  in  particular  by  certain  migrations  of 
species  over  the  entire  province,  show  that  practically  the  same  strata  ex- 
tend over  the  area  of  the  Galena-Trenton  in  the  four  states  already 
named.  It  is  further  evident  that  when  a  geologist  adds  to  the  knowl- 
edge of  these  formations  in  one  part  of  the  area,  that  knowledge  extends 
also  to  other  parts,  and  that  likewise  the  nomenclature  of  the  formations 
requires  uniformity  for  the  entire  area. 

Nomenclature 

In  spite  of  the  local  petrographic  diversity,  the  same  two  formational 
names  of  Trenton  and  Galena  have  been  employed  over  the  entire  area 
in  the  several  states.  This  continuance  or  seeming  uniformity  of  nomen- 
clature may  of  course  have  been  aided  largely  by  the  Saint  Peter  sand- 
stone^s  sharp  contact  xmder  the  "Trenton"  and  the  contrast  of  the  Maquo- 
keta  shales  upon  the  Galena,  whereby  the  stratigraphic  equivalence  ap- 
pears doubly  evident.  That  the  aid  of  the  contrasting  lithologic  charac- 
ters of  subjacent  and  superjacent  formations  has  been  relied  on  by  au- 
thors is  indicated  when  we  find  that  in  northern  Iowa  and  southern 
Minnesota,  where  the  overlying  Maquoketa  is  rather  a  limestone  than  a 
clay  formation,  there  the  nomenclature  has  been  least  conformable  in  its 
application.  In  Alamakee  county,  Iowa,t  the  shaly  bed  at  the  top  of 
the  Galena  was  sometimes  passed  over  or  overlooked  and  the  term  Galena 
was  applied  to  the  'Maquoketa  limestone,  since  it  looks  like  the  Galena 
lithologically. 

Again,  in  southern  Minnesota  a  shaly  bed  really  belonging  to  the 
Galena  stratigraphically  is  called  Maquoketa  in  official  reports^  and  the 

•  Geol.  and  Nat  Hist.  Surv.  MIdd.,  Final  Kept.,  vol.  Ill,  189G,  pt.  2,  p.  UxxlU. 
t  Iowa  Geological  Survey,  vol.  iv,  1896,  p.  80. 

t  Vide  Geol.  and  Nat  Hlat.  Survey  of  Minnesota,  vol.  Ill,  pt  I,  p.  1.     "Names  used 
In  the  Minnesota  Reports,  1872-1892." 
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calcareous  Maquoketa  equivalent  formerly  gave  rise  to  the  report  that  the 
Silurian— Niagara  limestone  extended  into  Minnesota,  though  it  is  really 
absent  there,  the  Devonian  lying  with  unconformity  on  the  Ordovician. 

By  reference  to  faunal  zones  it  can  be  shown  also  that  the  demarcation 
between  the  so-called  Trenton  and  the  Galena  has  been  drawn  by  authors 
with  great  variance  in  differentt  states  and  counties.  The  two  forma- 
tions^ in  short,  had  been  recognized  less  uniformly  over  the  entire  area 
than  the  uniform  employment  of  the  names  Trenton  and  Galena  would 
imply.  The  extent  of  the  variation  appears  in  the  scale  and  tabulated 
references  in  the  article  already  cited*  and  need  not  be  discussed  further 
here. 

The  Beloit  Formation 

The  name  Trenton  limestone  was  brought  into  use  in  Wisconsin  by 
James  Hallf  in  place  of  an  older  name.  Blue  limestone,  on  the  theory 
that  this  formation  is  the  equivalent  of  the  Trenton  limestone  of  New 
York.  Hall  also  used  at  the  same  time  the  name  Galena  limestone  for 
the  galena  or  galenite-bearing  strata  above  the  Trenton,  the  town  of 
Galena,  Illinois,  being  presumably  the  type  locality  for  this  formation. 

The  use  of  such  a  mixed  nomenclature,  partly  local  in  origin  and  partly 
from  correlation  with  a  distant,  disconnected  surface  area,  was  never  well 
designed  to  avoid  confusion  of  terms.  That  the  Galena  itself  is  largely 
the  equivalent  of  the  New  York  Trenton  limestone,  while  the  so-called 
Trenton  of  Wisconsin  is  not,  must  be  now  admitted  as  evident.  J  To  the 
problem  which  this  mixed  nomenclature  presents  either  of  two  alterna- 
tives offered  a  solution :  The  one  was  to  use  local  terms  only ;  the  other 
was  to  use  exclusively  exotic  terms.  I  chose  the  former  alternative  in 
1896,§  and  accordingly  proposed  the  name  Beloit  formation  to  replace 
the  name  Trenton  in  this  region.  According  to  the  then  outlined  plan, 
the  entire  series  of  fourteen  beds  or  faunal  zones  from  the  base  of  the 
so-called  Trenton  (Beloit  formation)  to  the  top  of  the  Ordovician  in  this 
region  divides  into  two  series  or  groups  the  Galena  and  the  Maquoketa. 
The  Galena  series  divides  into  Beloit  formation  and  Galena  formation. 
Of  the  first  nine  faunal  zones  in  ascending  series  the  first  five  are  com- 
prised in  the  Beloit  formation  and  the  next  four  in  the  Galena  forma- 
tion.   The  tenth  zone,  that  part  of  the  limestone  above  the  "cap  rock*' 

*The  Galena  and  Maquoketa  series,  American  Geologist,  vol.  xrlU,  1890,  it.  856. 

t  Foster  and  Whitney's  Beport  on  the  Geology  of  the  Lake  Superior  Uind  District, 
1851. 

%  N.  W.  Wlnchell :  American  Geologist,  vol.  zv,  1895,  pp.  33-39 ;  R.  D.  Irrlng :  Geol- 
ogy of  Wisconsin,  rol.  11,  1877,  p.  558. 

f  American  Geologist,  vol.  xyUI,  1896,  pp.  360-361. 
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at  Dubuque,  Iowa,  is  preferably  joined  to  the  Maquoketa  series  with  four 
other  f aunal  zones. 

The  reasons  for  choosing  the  name  Beloit  formation  is  obvious,  the 
stratigraphic  and  faunal  succession  having  been  long  well  presented* 
from  the  locality  of  Beloit,  Wisconsin.  The  line  of  demarcation  at  the 
top  of  the  so-called  Trenton — ^that  is,  the  Beloit  formation — ^had  been 
well  enforced  there  by  Ghamberlin.  His  use  of  the  term  Trenton  was 
clearly  the  same  as  that  employed  in  the  'lead  region"  proper  to  the 
west.  I  had  established  by  four  successive  trials  or  seasons'  work  that 
the  five  faunal  and  stratigraphic  zones,  as  I  had  learned  them  at  Minne- 
apolis, namely,  (1)  the  Minneapolis  limestone  (or  BuflE  bed),  (2)  the 
Bellerophon  bed,  (3)  the  Stictoporella  bed,  (4)  the  Stictopora  bed,  and 
(5)  the  Fucoid  bed,  in  ascending  order,  are  the  equivalents  of  the  Buff 
limestone  (1),  Glass  rock  (2,  3),  Brown  rock  (4),  and  Green  rock  (5) 
of  the  'lead  region"  of  southwestern  Wisconsin,!  and  of  the  Lower  Buff 
(1),  Lower  Blue  (2,  3),  Upper  Buff  (4),  and  Upper  Blue  bed  (5)  of  the 
so-called  Trenton  in  the  Beloit  district.  The  term  Beloit  appeared  to  be 
well  designed  to  replace  the  term  Trenton,  as  it  had  been  generally  ad- 
hered to  in  Wisconsin  for  over  forty  years. 

Regarding  further  the  demarcation  of  Trenton  and  Galena,  Lapham 
writes  in  1851  of  the  Galena  limestone:! 

"It  is  a  soft  yellowish,  magnesian  limestone,  very  fully  described  in  the 
report  of  the  United  States  geologists  for  1839,  as  well  as  by  Mr.  Hodge  and 
others  at  an  earlier  day.  It  is  usually  identified  in  distant  localities  by  the 
occurrence  of  a  peculiar  fossil  coral,  resembling  the  Coscinopora  sulcata  of 
Groldfuss,  the  tubes  of  which  are  sometimes  filled  with  lead." 

This  lead  coral,  as  it  is  called,  is  known  to  be  RecepiacuUtes  oweni. 
Hall. 

Again,  James  Hall,  as  early  as  1847,§  described  Orthis  suhcequata.  Con., 
from  the  Blue  limestone  which  he  afterwards  called  Trenton,  at  Mineral 
Point,  and  this  fossil  appears  to  have  never  been  referred  by  any  author 
to  the  Galena.  I  have  observed  in  the  field  that  the  demarcation  of  the 
Beloit  formation  from  the  Galena  can  be  drawn  between  the  zone  of 
Orihis  subcBquaia,  Con.,  and  that  of  RecepiacuUtes.  These  fossils  are 
common  and  easily  observable,  and  the  demarcation  line  is  a  very  per- 
sistent one,  none  better  occurring  in  the  Galena  series.     Since  this  forma- 

•  T.  C.  Chamberlln :  Geology  of  Wisconsin,  vol.  il,  1877,  p.  290. 
t  J.  D.  Whitney :  Geology  of  Wisconsin,  vol.  1,  1861,  p.  253. 

t  J.  W.  Foster  and  J.  D.  Whitney :  Geology  of  the  Lake  Superior  Land  District,  pt.  2, 
p.   169. 

f  Paleontology  of  New  York,  vol.  1,  1847,  p.  118. 
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tion  is  nowhere  entirely  limeetone  and  in  places  is  more  than  half  shale, 
the  designation  of  it  as  limestone  was  changed  by  me  to  that  of  formation. 
It  should,  of  course,  be  expected  that  the  term  ^Trenton,"  haying  been 
long  employed,  would  be  slow  in  dropping  out  of  use,  and  also  that  con- 
fusion from  conflicting  usage  of  terminology  might  lead  to  the  use  simply 
of  Oalena  series  or  group  alone  for  most  purposes  of  discussion,  the  terms 
lower,  middle,  and  upper  Oalena  falling  into  use  where  exact  correlation 
is  not  made  or  is  not  practicable.  For  example,  Gralena  lower  limestone, 
Galena  lower  shales,  Galena  middle  limestone  appear  to  be  suflBciently 
scientific  terms  for  well  logs  and  profile  secticms  constructed  from  the 
same.  For  the  solution  of  other  special  problems,  such  as  the  origin  of 
lead  and  zinc — ^although  the  stratigraphic  and  paleontologic  evidence  at 
the  strongly  mineralized  spots  where  the  mines  are  developed  is  g^ier- 
ally  obscured — too  exact  and  detailed  correlation  of  the  entire  area  can 
not  be  obtained  and  formational  names  would  be  required. 

The  Platteville  Limestone 

H.  F.  Bain,  describing  the  Galena  limestone  in  northwestern  Illinois, 
refers  to  ReceptacuUtes  oweni  as  occurring  40  feet  above  the  bottom  of 
the  formation.*  This  reference  is  further  explained  on  the  preceding 
page  of  his  report  when  he  says : 

"The  Trenton  in  this  area  is  about  40  feet  thiclc.  To  the  north  a  greater 
thickness  has  been  assigned  to  it  but  this  is  due  not  to  a  thickening  of  the 
strata,  but  to  the  reference  of  a  portion  of  the  overlying  beds  to  this  forma- 
tion." 

His  Galena  is  thus  evidently  extended  downward  40  feet,  leaving  only 
40  feet,  or  just  half,  of  the  Trenton  or  Beloit  formation  in  his  Trenton 
limestone.  Bain's  language  and  action  seemed  to  imply  that  others  have 
been  in  error  when  they  included  more  than  40  feet  of  strata  in  the 
Trenton. 

This  description  of  the  "Trenton"  by  Bain  is  of  special  significance 
when  taken  in  connection  with  a  later  report  by  him  on  the  "Lead  and 
zinc  deposits  of  northwestern  Illinois,  f  Here  appears  what  might  be 
meant  by  his  expression  "farther  north."  On  page  21  of  the  Bulletin 
cited  he  says: 


"North  of  the  mining  district  the  lower  portion  of  the  Galena  is  not  dolomi- 
tized  and  is  lithologically  similar  to  the  underlying  Platteville." 


*  U.  8.  Geological  Survey,  Bull.  no.  225,  1903,  p.  205. 

t  B.  F.  Bain  :  U.  S.  Geological  Survey  Bull.,  no.  246,  1805,  pp.  18-21. 
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Platteville  is  a  new  f ormational  name  which  Bain  is  proposing  for  the 
so-called  Trenton. 


**i 


'Since  the  lithographic  character  has  usualiy  been  relied  on  in  discriminat- 
ing the  two,  the  line  between  them  has  been  drawn  at  different  horizons  In 
various  parts  of  the  region,  and  from  north  to  south  crossed  the  stratigraphlc 
borlionB  diagonally.*' 

The  introduction  of  a  proposed  new  formational  name  gives  still 
further  significance  to  the  work  of  that  author  on  the  Galena  series.  On 
page  18  appears  the  following  words : 

'*PlatieviUe  Umeatone. — ^The  beds  included  under  this  name  have  long  been 
known  in  this  district  as  the  Trenton  limestone.  Since  it  is  now  believed  that 
they  are  not  the  exact  equivalents  of  the  Trenton  in  its  type  locality,  it  is 
proposed  to  use  a  local  name  for  them.  The  formation  is  typically  exposed  in 
the  vicinity  of  Platteville,  Wisconsin,  and  its  entire  thickness  may  be  seen 
along  Little  Platte  river  west  of  that  town.  The  beds  are  largely  made  up  of 
non-magnesian  limestone.  In  the  lower  portion  are  certain  magneslan  beds 
which  are  distinguished  from  the  dolomites  of  the  Galena  by  their  earthy  ap- 
pearance. The  Platteville  limestone  ordinarily  has  a  total  thickness  of  60 
feet  while  extremes  in  thickness  run  from  40  to  nearly  75  feet." 

He  then  gives  a  generalized  section,  which  incidentally  shows  the 
Platteville  in  Illinois  to  be  from  56  to  80  feet  thick,  as  follows : 

Feet. 

4.  Thin  beds  of  limestone  and  shale 10^20 

3.  Thin-bedded  brittle  limestone,  breaking  with  conchoidal  fracture 25-30 

2.  Buff  to  blue  magneslan  limestone,  heavy  bedded,  frequently  a  dolomite  20-25 
1.  Shale,  blue 1-5 

Numbers  1  to  4  are  then  discussed  in  some  detail,  in  general  agreeing 
well  with  previous  descriptions  of  the  buff  rock,  glass  rock,  and  at  least 
part  of  the  brown  rock*  already  cited. 

I  am  somewhat  familiar  with  the  "complete  section"  along  the  Little 
Platte  river  at  Platteville  and  find  some  diflSculty  in  believing  that  Bain 
is  right  in  saying  that  the  Galena  lithologic  phase  is  found  in  rock  rest- 
ing on  top  of  the  section  above  cited.  I  can  remember  also  having  had 
some  difficulty  with  the  stratigraphy  there.  On  one  side  of  a  ravine  by 
the  roadside  was  the  rock  and  index  fossils  of  zone  number  3  and  a  little 
way  across  the  same  ravine,  at  the  same  horizon,  was  quite  the  same 
brown  rock  with  index  fossils  of  zone  number  5  in  it.  Except  for  the 
index  fossils,  I  should  have  suspected  no  stratigraphic  deception  and 
concluded  that  the  Galena  rested  on  the  lower  bed  (3),  instead  of  bed 

^  J.  D.  Wbltney :  Geology  of  Wisconsin,  vol.  1,  1866,  p.  152. 
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number  5.  The  "complete  section'*  at  Platteville,  as  I  saw  it,  extended 
in  partial  out-crops  along  the  river  for  several  miles. 

U.  S.  Grant*  describes  the  same  section  as  Bain  and  adopts  the  name 
Platteville  limestone.  Calvinf  appears  to  be  ready  to  adopt  the  same  in 
some  sense,  and  the  term  Trenton  is  therefore  evidently  to  give  place  to 
some  local  name.  None  of  these  authors  who  have  employed  tlie  nanae 
Platteville  limestone  have  made  objection  to  or  mentioned  the  Belait 
formation.  We  are  left  to  our  own  resources  to  discover  the  relation 
which  the  one  may  have  to  the  other. 

Beference  to  the  section  above  mentioned  makes  it  evident  that  the 
so-called  Trenton  as  interpreted  by  Bain  includes  only  the  lower  half  of 
what  Chamberlin  J  called  Trenton  in  the  south-central  part  of  Wisconsin. 
In  searching  for  the  authority  for  Bain's  interpretation  I  find  that  his 
description  of  the  Galena  limestone§  offers  a  clue  to  work  on.     He  says : 

"It  has  long  been  known  as  the  Galena  limestone,  a  name  applied  by  James 
Hall  to  the  beds  in  and  around  Galena,  Illinois,  and  above  the  socalled  Tren- 
tion."' 


Hall  describes  the  limestone  at  Platteville,  at  Galena,  and  at  Dubuque. 
Of  the  Trenton  he  says^f  finally : 

"In  all  these  localities  the  entire  thickness  of  these  lower  limestones,  which 
can  clearly  be  identified  with  the  Trenton  and  associated  limestones  of  the 
east,  is  less  than  60  feet;  but  it  is  possible  that  some  better  exposure  would 
give  a  greater  thickness.' 


f> 


One  might  be  deceived  in  HalFs  meaning  here  if  he  forgot  the  fact 
that  Hall  always  quotes  Orthis  svbcequata.  Con.,  and  associated  fossils  as 
typical  Trenton  species.  0.  suhcequata.  Con.,  proper  belongs  to  the  two 
'zones,  4  and  5,  which  appear  to  lie  above  Bain's  section  of  the  Platteville 
limestone;  and  this  limestone,  which  includes  zones  1,  2,  and  3,  bear 
0.  perveta,  Con.,  instead  of  suhcequata  proper.  Of  the  Galena,  Hall 
says  in  the  original  description  already  cited  (page  147) : 

"The  principal  fossil  resembles  a  Coscinoporat  but  is  probably  a  Beccptacu- 

Briefly  stated,  Platteville  limestone  is  obviously  synonymous  with 
Beloit  formation  as  to  the  intention  to  displace  the  so-called  Trenton. 
The  term  Platteville  is  not  a  ^^ocal  name"  in  the  sense  of  being  applied 


•  U.  8.  Grant :  Economic  Geology,  vol.  1,  1905-0,  p.  234. 
t  S.  Calvin  :  Journal  of  Geology,  vol.  xlv,  1906. 
t  Loc.  clt. 

I  Op.  clt.,  p.  20. 

II  Foster  and  Wbltney  :  Geology  of  Lake  Superior  Land  District,  1851,  pt.  2,  p.  146. 
<1  Loc.  cit. 
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to  a  single  outcrop  or  within  one  county  or  state.  The  name  Platteville 
has  been  introduced  without  reference  to  the  already  published  and  de- 
fined name  Beloit  formation.  It  is  defined,  as  I  think,  without  regard 
for  the  geologic  conditions  at  its  type  locality.  It  is  also  based  upon  a 
wrong  interpretation  of  the  so-called  Trenton  and  ignores  the  faunal 
distinction  which  earlier  founders  of  the  Galena  and  Trenton  forma- 
tions sought  to  establish. 

The  Platteville  limestone  appears  to  be  designed  to  include  the  rem- 
nant of  the  series  or  group  when  the  Galena  limestone  is  extended 
downward  to  cover  all  the  dolomitic  or  Galena  phase  of  these  rocks,  It 
is  evidently  based  on  a  lithologic  distinction.  The  basing  of  the  forma- 
tional  unit  directly  and  indirectly  on  lithologic  characters  in  the  Galena 
series  is  worth  further  consideration. 

The  formational  Unit 

There  seems  to  me  to  be  a  growing  tendency,  especially  on  the  part  of 
of  the  directing  geologists,  to  base  the  distinction  of  formational  units  on 
lithologic  rather  than  on  faunal-floral  evidence.  The  tendency  in  this 
direction  in  many  instances  seems  so  marked  as  to  be  called  a  policy.  In 
case  of  the  Galena  series,  the  results  of  the  two  methods  can  be  made  to 
compare  and  to  show  how  the  use  of  lithologic  evidence,  as  generally 
made^  leads  to  confusion.  While  I  am  not  disposed  to  blame  the  entire 
existing  confusion  to  lithology,  the  necessary  difficulty  which  arises  from 
the  lithologic  formational  imit  seems  worthy  of  full  consideration. 

In  this  connection  attention  should  be  paid  also  to  the  very  recent 
article,  "Notes  on  the  geological  section  of  Iowa,"  by  Calvin,*  in  which 
the  question  of  confusion  in  connection  with  the  use  of  the  terms  "Tren- 
ton" and  "Galena"  are  briefly  discussed.  After  referring  in  this  article 
to  an  earlier  discussionf  of  the  "confusion  which  has  arisen"  and  "the 
probable  causes  of  such  confusion,"  he  says  finally : 

"Lithology  and  not  stratigraphy  was  the  basis  of  that  classification.  It  is 
now  proposed  to  use  the  term  Galena  for  all  the  strata  above  the  'Green 
shales,'  whether  they  are  dolomitic,  as  at  Dubuque,  or  are  non-dolomitic,  as 
along  the  river  at  and  above  Decorah"  [Iowa]. 

Again: 

"Bain's  name  'Platteville'  is  acceptable  for  the  beds  below  the  top  of  the 
'Green  shales.' " 

While  Calvin  thus  recognizes  the  erroneous  way,  he  yet  appears 
bound — ^by  usage,  perhaps — to  follow  it.     While  he  appears  to  rebuke 

*  Samuel  Calvin :  The  Journal  of  Geolof^,  vol.  xlv,  1906,  p.  573. 
t  Samuel  Calvin :  Iowa  Geological  Survey,  vol.  x,  1000,  p.  402. 


190  F.  W.  8ABBBBON — QAIJBNA  8BBIB8 

the  1186  of  litbologic  basis  for  f onnational  units,  yet  he  adheres  to  the  old 
lithologic  interpretation  of  the  Galena  as  at  Dubuque  and  proposes  to 
use  it  as  the  basis  for  a  new  classification.  The  demarcation  below  the 
"Galena"  is  made  the  "Green  shales" — a  lithologic  character — and  Bain's 
Platteville  limestone  is  to  include  the  green  shale.  In  reality  this  st^ 
which  he  now  takes  seems  to  be  calculated  to  open  the  way  for  scnae  one 
to  give  a  new  f ormational  name  to  the  "Green  shales"  as  litiiol<^cally  a 
formational  unit,  since  the  band  of  shale  or  "Green  shales"  as  ^t  Du- 
buque, Iowa,  when  followed  up  into  southeastern  Minnesota,  becomes  as 
great  or  even  greater  in  thickness  than  is  either  the  limestone  below  it  or 
the  Galena  above  it.  As  is  easily  shown  from  faunal  evidence,  its  bor- 
ders run  diagonally  both  downward  and  upward  (see  fig.  Z)  in  relation 
to  the  strata  and  faunal  zone.  Then,  also,  instead  of  forming  a  sharp 
demarcation  at  their  boundaries,  the  shales  graduate  or  alternate  in  strata 
with  the  limestone  just  as  the  limestone  and  the  dolomite  also  irregularly 
graduate  or  alternate,  rendering  lithologic  discrimination  locally  -uncer- 
tain as  it  is  also  regionally  unequal. 

The  logical  result  of  basing  formational  names  on  lithology  in  the 
manner  indicated  is  to  give  an  irregularly  variable  scale  rather  than  a 
constant  one.  In  the  Galena  series  it  appears  to  have  been  impractical  in 
the  immediate  past,  tending  more  toward  making  the  job  last  than  to 
bringing  scientific  results,  and  it  promises  nothing  better  for  the  imme- 
diate future.  It  promises  a  practically  different  result  for  stratigraphic 
division  in  each  district  of  the  entire  area  of  the  Galena  series'  extent. 
With  imminent  double  system  of  geological  reports  before  us,  with  over- 
lapping quadrangles  and  counties,  an  increase  in  the  confusion  must  be 
anticipated. 

As  said  before,  I  am  not  prepared  to  state  fully,  but  find  evidence  to 
indicate  that  a  very  thorough  lithologic  interpretation  or  petrq^phic 
and  stratigraphic  study  of  the  Galena  series  might  t«id  to  produce  much 
the  same  conclusions  regarding  the  formational  units  as  have  paleon- 
tologic  studies ;  yet  with  the  best  application  of  lithologic  method,  namely, 
with  such  careful  scientific  interpretation  as  petrographic  study  might 
imply,  it  does  not  appear  to  me  to  promise  a  better  basis  for  the  deter- 
mination of  formational  units  than  does  the  paleontologic  evidence  when 
each  is  taken  in  conjunction  with  stratigraphy. 

Stratigraphic  and  paleontologic  Classification 

Since  the  entire  surface  area  of  the  Galena  series  had  been  one  or 
more  times  surveyed  before  my  work  on  it  began,  there  appeared  to  me 
to  exist  at  that  time  a  ready  means  for  establishing  a  uniform  sttati- 
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graphic  scale  and  equal  formational  division.  By  deterniining  first  of 
all  the  value  of  the  units,  which  each  author  had  recognized,  these  could 
then  be  compared  in  terms  of  a  uniform  stratigraphic-paleontologic  scale. 
Besides  the  early  reports  of  D.  D.  Owen,  John  Locke,  J.  G.  Perceval, 
I.  A.  Lapham,  James  Hall,  J.  D.  Whitney,  and  C.  A.  White,  the  descrip- 
tions by  A.  H.  Worthen,  H.  C.  Freeman,  Frank  H.  Bradley,  and  James 
Shaw  in  Illinois,  by  T.  C.  Chamberlin,  R.  D.  Irving,  and  Moses  Strong 
in  Wisconsin,  by  Chas.  E.  Keyes,  W  J  McGee,  Samuel  Calvin,  W.  H.  Nor- 
ton, and  others  in  Iowa,  and  by  N.  H.  Winchell,  C.  W.  Hall,  E.  0.  XJlrich, 
and  others  in  Minnesota,  could  be  cited  so  as  to  set  a  standard  for  uni- 
formity in  practically  every  part  of  the  field.  In  a,  former  publication* 
I  have  offered  such  a  comparison  of  the  work  of  the  authors  named.  Al- 
though this  was  set  forth,  necessarily,  in  brief  form,  it  was  hoped  that  it 
would  serve  to  introduce  a  consistent  use  of  formational  units  if  per- 
chance fellow-workers  desired  such  to  prevail. 

The  Maquoketa  series  was  included  with  the  Qalena  series  in  that 
effort,  and  in  regard  to  the  Maquoketa  it  may  be  noted  that  the  calcareous 
beds  are  no  longer  called  Niagara  in  Minnesota,!  the  absence  of  Silurian 
and  the  unconf ormability  of  the  Devonian  on  the  Ordovician  being  appar- 
ently recognized  there  and  in  northern  Iowa.J  In  Fayette  county,  Iowa, 
also  the  calcareous  Maquoketa  beds  are  recognized  as  such  and  not  called 
Galena,§  as  the  same  had  been  in  the  near-by  county.  In  regard  to  the 
Galena  series,  on  the  other  hand,  results  are  meager.  Discussion  and 
description  of  the  Galena  series  have  been  put  forth  from  th^  point  of 
view  of  the  lead  and  zinc  region.  The  economic  aspect  of  the  subject  due 
to  lead  and  zinc  deposits,  which  seems  earlier  to  have  rather  hindered  a 
careful  correlation  of  strata  between  Beloit  and  Platteville,  for  example, 
appears  now  to  ignore  even  that  geologic  correlation  which  has  been  put 
ready  to  hand.  Since  Van  HiseH  has  recognized  certain  important  rela- 
tions between  ore  deposits  and  organic  matter  in  strata  in  the  Galena 
series,  it  may  be  essential  that  greater  care  in  the  marking  of  organic  zones 
should  follow.  The  formational  boundaries  should  accordingly  be  estab- 
lished not  by  lithologic  characters  which  may  rim  obliquely  across  a  par- 
ticular organic  zone,  putting  it  into  two  such  geologic  formations,  but  by 
such  characters  as  may  place  a  particular  zone  in  uniform  relation  to  one 
formation  in  which  it  lies  and  to  other  such  zones. 


*  American  Geologist,  toI.  xvlll,  1896,  p.  356. 

t  Geological  and  Natural  History  purvey  of  Minnesota,  vol.  yl,  1901,  preface  plate. 

%  Op.  clt.,  description  to  plate  10 ;  and  Iowa  Geological  Surrey,  vol.  13.  1901,  p.  39. 

f  Iowa  Geological  Survey,  vol.  ir>.  1006,  pp.  438  and  463. 

H  U.  S.  Geological  Survey  Monograph,  vol.  47,  1904,  p.  1157. 
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Notwithstanding  the  tendency  or  policy  of  establishing  fonnational 
units  on  lithologic  grounds,  I  wish  to  renew  the  suggestion  that  the 
Galena  series,  and  the  Maquoketa  series  as  well,  be  divided  into  forma- 
tions with  stratigraphic  and  faunal  definition.  The  term  Beloit  forma- 
tion should  extend  as  before  described,  including  all  the  range  of  Orthis 
subceqvata.  Con.  The  top  of  this  formation  comprises  the  Fucoid  bed,  in 
which  Orthis  lynx,  Eichw.,  and  Orthis  pectinella,  Emmons,  occur,  the  for- 
mer ranging  upward,  the  latter  being  limited  to  that  zone.  The  top  of 
this  formation  can  be  located  by  these  easily  found  and  recognized  species. 
The  Galena  formation  should  include,  the  Orthisina  zone,  in  which  are 
the  first  Eeceptaculites-bearing  strata,  and  extend  upward  preferably  to 
the  top  of  the  zone  of  Maclurea  cuneata,  Whitf . — that  is,  to  the  top  of  the 
"cap  rock*'  at  Dubuque,  Iowa.  The  strata  of  irregular  limestone  and 
interlaminated  carbonaceous  shales,  which  extend  at  Dubuque,  Iowa, 
from  the  "cap  rock'*  to  the  blue  shales  of  the  Maquoketa  proper,  I  should 
include  in  the  Maquoketa  series  and  should  give  to  them  the  new  name  of 
Dubuque  formation.  This  formation  coincides  with  the  Triplicia  bed  or 
zone  as  previously  defined.*  In  like  manner  I  should  distinguish  the 
Maquoketa  formation  proper  from  the  upper  beda,  or  Wykoflf  formation. 

Since  the  preceding  paragraphs  were  written  and  read  before  the 
Society,  another  Annual  Beport  of  the  Iowa  Geological  Survey  has  ap- 
peared in  print.!  It  includes  the  report  on  the  Geology  of  Winneshiek 
county  by  Professor  S.  Calvin.  In  this  report,  the  part  of  a  synoptical 
table|  presents  the  following  classification: 


Series 

Stage 

Formation 

Trenton 

Maquoketa 

Brainard  shale 

Fort  Atkinson  limestone 

Clermont  shale 

Elgin  shaly  limestone 

Gralena 

Gralena  limestone 

Decorah  (Green)  shale 

Platteville  limestone              ' 

Saint  Peter 

Glenwood  shale 

Saint  Peter  sandstone 

*  lioc.  clL,  Tol.  19,  pp.  21  to  24. 

tlowa  Geological  Survey,  Annual  Report,  vol.  16. 

tLoc  cit.,  p.  60. 
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The  new  mune  Deoorah  shale  is  of  inteiest  here.    Of  this  he  says: 

"The  persistent  body  of  shale  between  tbe  two  parts  of  what  has  generally 
been  called  the  Trenton  limestone  is  named  Deoorah  shale,  from  the  city  in 
which  it  is  tjrpically  deTel<^)ed.  Heretofore  it  has  been  recognized  as  a  distinct 
geological  unit  under  the  name  *6reen  shales,'    .   .   .  J"* 

On  page  85  of  this  report,  figure  7  represents  a  photograph  of 
''a  veiy  typical  exposure"  of  the  Decorah  shale,  with  oTerljing  basal 
ledges  of  the  Galena  limestone  at  Deoorah,  Iowa.  This  exposure  in 
'Hhe  Dugway/'  shown  in  figure  7>  is  a  familiar  one  to  me,  and 
I  can  therefore  at  once  concur  in  d^ignating  as  Galena  the  strata  seen 
in  the  little  old  quarry  at  the  top  of  this  exposure.  Moreover,  the 
^'Decorah  shale"  as  here  shown  is  the  Upper  Blue  bed  (Fucoid  bed) 
which  is  the  top  of  the  Beloit  formation  or  '^Trenton/'  This  being  the 
case,  the  term  Platteville  stage,  which  Calvin  has  employed  in  the  synop- 
tical table,  cited  above,  is  synonymous  with  the  term  Beloit  formation, 
and  not  with  the  Platteville  as  defined  by  Bain. 

The  '^undisturbed  Decorah  shale"  which  is  represented  as  the  base  of 
this  shale  ia  figure  6,  page  83,  loc,  ciL,  I  do  not  recognize,  but  from  the 
general  description  which  is  given  in  the  report,  it  is  evident  to  me  that 
Calvin  here  includes  in  the  Decorah  shale  the  strata  which  I  had  in- 
cluded in  both  the  Fucoid  bed  (5)  and  the  Stictopora  bed  (4).  The 
Stictoporella  bed  (3),  which  includes  the  lowest  strata  in  which  Plectatn^ 
boniies  sericea  Sowerby  is  known  to  occur,  he  evidently  places  in  the 
"Platteville  limestone/'  The  term  Platteville  limestone,  as  usedf  here 
by  Professor  Calvin,  appears  therefore  to  be  the  exact  equivalent  of 
Bain's  section  of  the  Platteville  at  the  type  locality.  This  being  true, 
the  horizon  of  the  "green  shales"  in  the  "Platteville"  of  Wisconsin  is  in- 
cluded in  the  "Platteville  limestone"  at  Decorah,  Iowa,  and  not  in  the 
"Decorah  (Green)  shales." 

The  following  table  represents  the  formational  divisions  which  still 
appear  to  accord  most  nearly  with  historical  and  geologic  conditions,  in 
relation  to  the  Galena  stage : 


Series 

Stage 

Formation 

Zones 

Trenton 

Maquoketa 

11-14 

Dubuque  formation 

10 

Galena 

Gralena  formation 

6-9 

Beloit  formation 

1-^ 

Saint  Peter 

Saint  Peter  Randstone 

*Loc.  clt.,  p.  61. 

top.  clt,  pp.  60,  76,  80-84. 
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Summary 

In  addition  to  the  structures  and  relations  heretofore  recognized,  the 
following  conclusions  are  presented  in  this  paper : 

(1)  That  the  trap  of  Second  Watehung  mountain  is  a  double  flow, 
separated  locally  by  sediments  deposited  on  a  warped  surface. 

*  Pnblishcd  by  permiHtoD  of  the  State  Geologist  of  New  Jersey.     Mannscrtpt  raoelvefl 
by  the  Secretary  of  the  Society  March  8,  1907. 
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(2)  That  there  was  further  local  depression,  with  corresponding 
thickening  of  sediments,  in  the  interval  between  the  Second  Mountain 
flows  and  that  of  Long  hill. 

(3)  The  crescentic  trap  ridge  of  New  Vernon  is  definitely  correlated 
with  that  of  Long  hill. 

(4)  The  small  extrusive  remnants  at  Sand  Brook  and  New  Oerman- 
town  are  regarded  as  probably  identical,  or  at  least  contemporaneous, 
with  the  First  and  Second  Mountain  sheets. 

(5)  The  hypothesis  of  a  feeding  dike  along  the  western  flank  of  the 
Palisades  is  regarded  as  highly  improbable. 

(6)  The  continuity  of  the  Palisades  sill  with  the  Rocky  Hill  trap,  sug- 
gested by  several  former  observers,  is  practically  established  by  data  from 
deep  wells  and  dredging  operations. 

(7)  The  further  extension  of  the  same  sill  to  include  Pennington  and 
Baldpate  mountains,  Sourland  mountain,  mount  Gilboa,  and  the  Byram 
mass  is  regarded  as  almost  equally  certain. 

(8)  Numerous  dikes  and  other  small  masses  are  regarded  as  offshoots 
of  the  Palisades  sill. 

(9)  The  intrusives  are  regarded  as  of  later  origin  than  the  extru- 
sives  and  earlier  than  the  deformation  of  strata  by  faulting  and  tilting. 

Introduction 

AREA  OF  THE  NEWARK  BY8TEM 

Of  the  long  sinuous  belt  of  Newark  rocks  extending  from  southern 
New  York  across  New  Jersey,  Pennsylvania,  Maryland,  and  into  northern 
Virginia,  j)erhaps  a  little  more  than  one-fourth  lies  within  the  state  of 
New  Jersey  (see  map,  plate  1).  It  occupies  about  one-sixth  of  the  total 
area  of  the  state  in  the  form  of  a  tapering  belt  from  the  Delaware  river 
above  Trenton  northeastward  to  the  Hudson  river  and  the  New  York 
state  boundarv.  On  the  Delaware  it  is  32  miles  wide,  and  it  narrows  to 
about  16  miles  across  where  it  passes  into  southern  New  York,  including 
wholly  or  in  part  the  counties  of  Hunterdon,  Mercer,  Somerset,  Middle- 
sex, Union,  ^Vforris,  Essex,  Hudson,  Passaic,  and  Bergen. 

TOPOGRAPHY 

The  Newark  area  comprises  a  Piedmont  plain  which  is  intermediate  in 
elevation  and  surface  characters  between  the  low,  smooth  Coastal  plain  to 
the  southeast  and  the  higher  and  more  mountainous  Highlands  on  the 
northwest.  Along  the  northwestern  border  it  is  distinctly  lower  than  the 
adjoining  Highlands  except  west  of  Flemington,  where  the  elevation  of 
Hunterdon  plateau  approaches  that  of  Musconetcong  mountain.  Along 
the  southeastern  margin  it  gradually  passes  into  the  low  Coastal  plain. 
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As  a  whole  the  area  has  an  undulating  surface  sloping  gradually  to 
the  southeast^  but  this  is  interrupted  by  conspicuous  ridges^  including 
the  Watchung  or  Orange  mountains  and  the  Palisades  ridge  along'  the 
Hudson.  Southwest  of  the  Watchungs  notable  elevations  occur  in  Cush- 
etunk  and  Bound  mountains.  Rocky  hill,  and  the  broad,  plateau-like 
Sourland  mountain.  The  greatest  elevations  are  839  feet  on  Cushetunk 
mountain  south  of  Lebanon  and  900  feet  on  Barren  ridge,  a  somewhat 
disconnected  part  of  the  Hunterdon  plateau  south  of  Pattenburg. 

Barring  the  conspicuous  elevations  enumerated  above,  the  plain  lies 
chiefly  below  300  feet  along  the  northwestern  border,  while  much  of  the 
southeastern  border  is  little  above  100  feet. 

Less  pronounced  but  very  important  irregularities  are  produced  in  the 
surface  by  the  prominent  river  valleys  that  have  been  worn  down  below 
the  general  level.  Most  notable  of  these  is  the  Raritan,  which  has  re- 
duced large  areas  above  New  Brunswick  to  an  elevation  of  less  than  50 
feet  above  tide.  The  same  is  also  true  of  the  Hackensack  valley  just  west 
of  the  Palisades ;  but  this  valley  is  traversed  by  longitudinal  ridges  of  hard 
sandstone,  while  its  southwestern  part  has  been  depressed  below  the  level 
of  Newark  bay  and  the  adjoining  meadows.  The  Delaware  river,  on  the 
other  hand,  crosses  the  Newark  area  in  a  narrow  trench  bordered  by 
bluffs  that  rise  in  places  from  200  to  nearly  600  feet  high.  In  these 
parts  of  the  valley  precipitous  cliffs  often  rise  conspicuously  on  either 
side  of' the  gorge,  and  the  valley  nowhere  attains  any  considerable  width. 

CHARACTERS  OF  THE  SEDIMENTART  ROCKS 

The  most  characteristic  sedimentary  rocks  in  the  New  Jersey  Newark 
are  fine  grained  red  shales ;  but  there  are  also  some  sandstones  and  con- 
glomerates and,  at  some  horizons,  thick  massive  argillites.  Coarse 
conglomerates  occur  not  only  near  the  base  of  the  series,  but  also  near 
the  top  and  at  various  intermediate  horizons.  Heavy  bedded  sandstones 
also  occur  at  various  levels,  but  more  abundantly  in  the  lower  part. 
With  the  black  argillites  are  some  layers  of  gray  and  green  flagstones 
and  occasional  thin  layers  of  very  calcareous  shale,  and  in  the  red  shales 
local  variations  to  purple,  green,  yellow,  and  black  occur.* 

STRUCTURES  OF  THE  NEWARK 

Dip  and  strike. — ^The  prevailing  northeast-southwest  trend  of  the 
ridges,  whether  of  sedimentary  or  igneous  rocks,  is  due  to  the  tilting  of 
the  strata  toward  the  northwest  in  a  gentle  monocline.  This  general 
statement  is  subject  to  various  local  exceptions  and  irregularities,  how- 

•  Tbe  origin  of  the  Newark  Bedlments  Ib  discussed  by  the  writer  lo  the  Annual  Report 
of  the  State  Geologist  of  New  Jersey  for  1906. 
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ever^  as  shown  on  the  map,  plate  1.  The  departures  from  the  prevail- 
ing northeast  strike  and  northwest  dip  are  due  in  var3ring  d^ree  to  both 
folding  and  faulting.  Smaller  disturbances  are  produced  locally  by 
igneous  intrusions,  but  by  comparison  these  are  insignificant. 

It  will  be  noted  that  in  the  southeastern  half  of  the  area,  southeast  of  the 
Sourland  and  Watchung  Mountain  escarpments,  the  structure  is  remarka- 
bly simple  and  regular,  with  prevailing  northwest  dips  of  10  to  15  AegrecB, 
From  this  line  there  is  increasing  complexity  northwestward  to  where  the 
Newark  strata  abut  against  the  crystallines  of  the  Highlands.  Near  the 
Delaware  river,  about  Lambertville  and  Stockton,  the  structures  are  ex- 
tremely involved  and  many  details  have  not  been  satisfactorily  deciphered. 
To  a  less  extent  this  is  also  true  of  other  portions  of  the  northwest. 

The  remarkable  imiformity  of  the  red  shales  over  most  of  the  area 
constitutes  the  chief  obstacle  to  an  understanding  of  the  structural  rela- 
tions. Folds  and  faults  in  these  rocks  are  scarcely  recognizable  except 
where  trap  sheets  are  encountered,  unless  exposed  in  cuts  and  the  deeper 
stream  channels.    In  a  region  of  low  relief  such  sections  are  seldom  found. 

Folds. — ^The  recurved,  hook-like  extremities  of  the  Watchung  moun- 
tains are  due  to  a  shallow,  boat-shaped  synclinal  fold,  the  western  side  of 
which  has  been  cut  off  by  a  fault  along  the  border  of  the  crystallines. 
Lying  directly  across  the  axis  of  this  syncline  and  dividing  it  into  three 
nearly  equal  parts  are  two  smaller  anticlines.  The  axis  of  one  of  these, 
the  New  Vernon  anticline,  lies  two  miles  southwest  of  Morristown  and 
Madison  and  passes  through  Green  Village,  near  New  Vernon.  It 
pitches  southeastward,  like  the  end  of  an  inverted  boat,  to  the  east  of 
Green  Village.  The  other,  the  Hook  Mountain  anticline,  pitches  in  the 
opposite  direction,  the  axis  passing  through  Towaco  and  about  2  miles 
northeast  of  Boonton.  The  outcrops  of  the  uppermost  extrusive  trap 
sheet  have  been  thrown  into  two  strong  crescentic  curves  in  opposite 
directions  by  these  folds,  and  that  about  New  Vernon  is  the  only  part  of 
the  western  border  of  any  of  these  sheets  that  escaped  being  sheared  off 
by  the  great  boundary  fault  through  Morristown  and  Boonton  that  cut 
away  the  northwestern  side  of  the  larger  syncline. 

The  spoon-shaped  end  of  a  large  syncline  lies  west  of  Flemington, 
with  its  westward  pitching  axis  passing  through  Frenchtown  and  the  cen- 
tral part  of  the  Hunterdon  plateau.  Similar  but  much  smaller  structures 
determine  the  small  crescents  of  trap  rock  at  Sand  brook  and  New  Qer- 
mantown.  There  are  also  numerous  small,  wave-like  undulations  of  the 
strata  between  the  Watchung  mountains  and  the  Delaware  river,  as  shown 
by  frequent  reversals  of  dip  in  this  region,  but  the  homogeneous  character 
of  the  red  shales  has  made  it  impossible  to  decipher  the  exact  structure. 
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Faults. — ^Kimimel*  has  described  the  great  Hopewell  and  Flemington 
faults,  each  of  which  has  displaced  the  strata  in  the  southwest  many 
thousand  feet^  and  also  the  three  faults  that  determine  the  greater  part 
of  the  northwestern  boundary  of  the  Newark.  Besides  these  it  is  known 
that  numerous  small  faults  affect  the  strata^  but  these  can  seldom  be 
recognized  except  where  the  actual  fissure  or  shear  zone  can  be  observed 
in  fresh  exposures.  When,  however,  a  layer  of  distinct  individuality, 
like  a  trap  sheet,  is  affected  by  a  fault  of  any  consequence,  this  fact  is 
often  readily  detected  by  the  effects  on  the  outcrop. 

Wherever  the  trap  rocks  are  freshly  exposed  in  cuts  and  quarries  cer- 
tain prominent  north-south  or  northeast-southwest  fissures  are  nearly 
always  found,  and  the  crushed  and  slickensided  materials  between  their 
walls,  varying  from  an  inch  or  less  to  many  feet  in  thickness,  give  un- 
mistakable evidence  of  displacement.  In  the  majority  of  cases  doubtless 
the  actual  movement  along  these  fissures  has  been  small,  and  perhaps  the 
slight  warping  produced  by  the  upheaval  and  tilting  of  these  rocks  would 
be  suflBcient  to  account  for  many  of  them ;  but  from  these  slight  displace- 
ments to  faults  involving  a  throw  of  several  hundred  feet  there  is  every 
gradation.  Many  of  the  small  irregularities  of  outcrop,  particularly 
those  sudden  angular  offsets  in  the  trap  sheets,  have  long  been  ascribed 
to  faulting,  and  doubtless  many  others  have  had  a  similar  origin. 

Almost  without  exception  the  known  faults  of  the  Newark  in  this 
region  have  the  downthrow  on  the  east  side  of  the  fissure ;  hence  the  great 
Hopewell  and  Flemington  faults  of  the  southwest  have  caused  a  three- 
fold repetition  of  a  large  part  of  the  thickness  of  the  Newark  strata  and 
their  included  trap  sheets,  and  at  least  half  of  the  width  of  the  Newark 
belt  along  the  Delaware  river  is  due  to  this  repetition.  No  such  great 
faults  are  known  in  the  central  and  northeastern  parts  of  the  belt,  but 
displacements  ranging  from  less  than  a  foot  to  several  hundred  feet  are 
of  frequent  occurrence  in  the  trap  sheets  of  the  Palisades  and  the  Watch- 
ung  mountains,  and  similar  faults  are  occasionally  observed  in  fresh  ex- 
posures of  the  sediments.  It  is  altogether  probable  that  the  intervening 
areas  are  as  greatly  affected  as  the  trap  outcrops,  and  hence  that  no  incon- 
siderable fraction  of  the  width  in  the  central  and  northeastern  portions 
of  the  area  is  also  due  to  repetition  on  a  small  scale  by  numerous  faults. 

The  Trap  Eooks 

MODES  OF  OOOURRBNCE 

The  Newark  area  of  New  Jersey  is  dotted  and  striped  almost  every- 
where with  outcrops  of  the  hard,  dark  colored  rocks  usually  known  as 

*  Aamial  Report  of  tfa«  State  Geologist  of  New  Jersey  for  1896,  p.  78 ;  1897,  p.  107. 
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trap  or  diabase.  Both  extrusive  and  intrusive  types  are  abundantly  rep- 
resented— ^the  former  usually  in  the  form  of  sheets  that  spread  quietly 
over  the  surface,  with  only  occasional  local  beds  of  tuff;  the  latter  as 
sills,  bosses,  and  dikes.  Davis,  Darton,  and  Kiimmel  have  quite  clearly 
differentiated  the  extrusive  sheets  from  the  sills. 

The  distribution  of  these  rocks  is  shown  on  the  map,  plate  1.  They 
are  irregularly  distributed  over  all  parts  of  the  belt  and  constitute  more 
than  one-tenth  of  the  total  Newark  area  of  the  state.  Their  prevailing 
northeast  and  southwest  direction  is  notable.  This  is  due  to  the  prepon- 
derance of  sheets,  both  extrusive  and  intrusive,  and  to  their  general  con- 
formity to  the  structure  of  the  inclosing  shales  and  sandstones. 

RBLATIONS  OF  THE  EXTRUSIVE  TBAPB 

Oeneral  characteristics, — ^The  Watchimg  mountains,  including  the 
various  trap  ridges  of  three  successive  lava  flows,  are  all  extrusive,  as  are 
also  the  semicircular  ridges  near  New  Germantown  and  Sand  brook. 
The  grouping  of  these  sheets  in  the  west  central  portion  of  the  area, 
where  no  intrusives  occur,  and  their  almost  total. absence  from  the  areas 
of  intrusives  to  the  northeast  and  southwest  are  characteristics  that  are 
clearly  shown  by  the  map,  plate  1.  The  former  is  the  area  of  upper- 
most, and  therefore  of  latest,  Newark  strata,  while  the  deep-seated  intru- 
sive masses  have  been  laid  bare  only  where  these  later  strata  have  been 
removed  to  great  depths  by  erosion. 

First  mountain. — The  narrowing  down  of  First  mountain  north  of 
Somerville  and  its  final  termination  near  Pluckamin  seem  to  be  due  to 
the  thinning  out  of  the  lowest  extrusive  lava  sheet.  Although  no  evi- 
dence of  faulting  could  be  detected  in  the  homogeneous  red  shale  of  this 
region,  Kummel*  suggests  that  this  ridge  might  have  been  sheared  off 
diagonally  by  an  extension  or  a  branch  of  the  Hopewell  fault,  which  may 
be  continued  in  the  deep  gorge  of  the  North  branch  of  the  Raritan. 

The  dovhle  flow  of  Second  mountain, — Second  mountain  recurves  in 
hook  form  at  its  southwestern  extremity  until  cut  diagonally  across  by 
the  great  boundary  fault  near  Bernardsville.  This  fault  continues  north- 
ward and  terminates  the  curved  extremities  of  all  three  of  the  extrusive 
sheets  beyond  Pompton. 

The  width  of  outcrop  of  the  trap  sheet  of  Second  mountain  varies 
greatly,  the  hook-shaped  southwestern  portion  being  much  the  broadest 
part  (see  maps,  plate  2).  Here  also  for  a  distance  of  17  miles  the 
crest  is  distinctly  double,  and  in  the  intervening  valley  shale  has  been 
found  at  a  number  of  places,  either  in  wells  or  at  the  surface.  The  crest 
is  single,  however,  at  both  ends  of  the  ridge,  and  the  gorge  of  Passaic 

^  Annual  Report  of  tbe  State  Geologist  of  New  Jersey  for  1806,  p.  81. 
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river  at  Little  Falls  shows  no  shale  in  the  trap.  A  well  in  Caldwell  passed 
through  775  feet  of  trap  without  encountering  shale ;  but  a  well  near  East 
Livingston,  3  miles  southwest  of  Caldwell,  gave  the  following  section  :* 

Feet 

Soil    5 

Trap  rock 90 

Brown  sandstone 61 

Trap  rock 381 

Total  627 

Over  the  country  between  the  two  crests  Darton  found  red  shale  frag- 
ments that  he  regarded  as  portions  of  underlying  sediments. 

Kiimmelf  considered  the  hypothesis  of  two  successive  flows  of  lava 
separated  by  an  interbeddcd  layer  of  sediment,  but  rejected  it  because  the 
ridge  is  single  and  shows  no  included  sediments  at  the  extremities  and  at 
the  gorge  at  Little  Falls.  Under  the  seeming  necessity  of  choosing  be- 
tween this  hypothesis  and  that  of  a  curved  longitudinal  fault  conform- 
able with  the  present  outcrop  of  the  trap  around  the  sharply  recurved 
southwestern  extremity  of  Second  mountain,  both  Kiimmel  and  Darton  J 
accepted  the  latter,  although  no  direct  evidence  of  faulting  was  found. 

The  indirect  evidence  derived  from  a  study  of  the  width  of  outcrop  and 
apparent  thickness  along  different  section  lines  may  be  summarized  as 
follows:  On  the  assumption  (1)  that  there  was  no  deformation  in  the 
intervals  between  the  lava  flows  of  the  Watchung  mountains  (nor  accom- 
panying them) ;  (2)  that  sedimentation  was  uniform  throughout  the 
area;  (3)  that  the  lava  sheets  are  approximately  of  uniform  thickness; 
their  bases  must  have  been  originally  parallel.  Allowing  for  known 
faults,  this  is  still  true  of  First  and  Second  moimtains;  but  from  the 
base  of  Second  mountain  to  that  of  Long  hill  is  a  distance  that  varies 
greatly  in  different  sections,  and  the  apparent  differences  are  greater 
where  the  double  crests  of  Second  mountain  are  most  marked.  This 
variation  is  ascribed  to  faulting,  which  Darton  further  assumed  to  be 
confined  to  the  areas  of  the  present  trap  outcrop.  As  Kiimmel  has 
pointed  out,  any  or  all  of  these  various  assumptions  may  be  incorrect, 
and  there  is  no  reason  for  supposing  that  faulting  has  been  restricted 
to  the  areas  of  the  present  trap  surfaces. 

The  above  hypothesis  has  been  discussed  elsewhere  by  the  writer,§  and 

*  Kflmmel :  Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1807.  p.  126. 
t  Log.  clt.»  p.  125. 

t  Bull.  U.  8.  Oeol.  Survey,  no.  67,  p.  22. 

I  Tbe  doable  crest  of  Second  Watchung  mountain,  Journal  of  Geology,  vol..  xv,  pp. 
80-46. 
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the  alternative  hypothesis  of  a  double  flow  with  intercaneiit  depoeitioH 
aad  warping  proposed.  This  is  practically  the  inteifoedded  shale  hypoth- 
esis referred  to  above  without  the  restrictions  of  stabilily  of  land  surface 
and  uniformity  of  deposition  between  the  lava  flows^  and  in  this  form  it 
is  believed  to  be  entirely  consistent  with  all  ascertainable  facts  and  to 
involve  no  improbable  assumptions.  After  the  outflow  of  the  first  trap 
sheet  of  Second  mountain^  which  averaged  probably  500  feet  in  thickness, 
there  began  a  gradual  depression  of  what  is  now  the  southern  axial  region 
of  the  great  Passaic  basin  (or  Watchung  mountain)  syncline,  the  region 
northeast  of  Somerville  and  Bound  Brook.  Subsequent  deposits  were 
oonoentrated  in  this  region,  tending  to  build  it  up  to  the  level  of  adjacent 
areas;  but  before  this  condition  was  finally  attained  another  eruption 
occurred,  forming  a  lava  sheet  of  very  variable  thickness.  Over  the  50 
feet  or  so  of  shales  in  the  area  of  subsidence  the  maximum  thickness  of 
lava  was  at  least  800  feet,  while  in  the  adjoining  regions,  where  it  over- 
spread the  bare  flanks  of  the  preceding  flow,  it  probably  did  not  exceed 
200  feet  in  thickness.  Thus  the  two  flows,  separated  by  a  brief  interval 
of  deposition,  merged  into  one  on  the  sides  of  the  incipient  syncline,  but 
in  the  trough  of  the  depression  were  separated  by  a  thin  stratum  of  shale 
(see  maps  and  sections,  plate  2). 

The  sediments  between  Second  mountain  and  the  overlying  trap  sheet 
Off  Long  hill  give  evidence  of  continued  subsidence  in  the  same  region. 
There  is  a  decrease  of  one-fourth  in  the  thickness  of  the  intervening  shales 
at  Madison  as  compared  with  those  at  Millington,  and  a  much  more  rapid 
thinning  out  toward  the  west.  The  trap  sheet  of  Long  hill  is  also 
thicker  about  Millington,  but,  considering  the  thin  and  discontinuous 
character  of  this  sheet,  the  variation  in  thickness  may  be  due  to  other 
causes  than  the  warped  surface  over  which  it  flowed. 

Third  mountain,  or  Long  hill. — ^Long  and  Biker  hills  and  Packanack 
and  Hook  mountains,  from  their  structure  and  attitude  with  reference  to 
each  other,  are  regarded  as  probably  outcrops  of  a  single  extrusive  sheet. 
There  is  no  question  as  to  their  extrusive  character,  and  they  are  all 
much  thinner  than  the  great  flows  that  constitute  First  and  Second 
mountains.  Their  disconnected  character  may  be  due  to  projecting  lobes 
or  tongues  of  a  relatively  slight  flow  of  lava,  or  they  may  be  the  result  of 
several  small  eruptions  from  independent  vents.  On  the  other  hand, 
tbey  may  be  regarded  as  the  efl!ects  of  glacial  or  preglacial  erosion 
whereby  the  continuous  sheet  of  lava  was  deeply  notched,  the  portions 
that  were  most  worn  down  being  now  buried  by  the  thick  glacial  drift 
and  alluvial  deposits  of  the  Passaic  river  that  cover  so  much  of  this 
region.     So  far  as  ki^owU;  all  of  these  hypotheses  seem  to  be  consistent 
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with  the  facts;  but,  on  the  whole,  one  of  the  hypotheses  of  scant  eruption 
seems  most  probable. 

The  New  Vernon  trap. — ^The  trap  crescent  near  New  Vernon  is  a  thin 
eztrosiYe  sheet  exactly  similar  to  that  of  Long  hill,  and  the  structure  of 
the  shales  shows  that  it  has  been  brought  up  by  a  dome-like  anticline,  or 
quaquaversal.  Darton*  thought  it  might  be  continuous  with  either  the 
•econd  or  third  Watchung  sheets  (Second  moimtain  or  Long  hill)  or  an 
independent  local  extrusion.  Eiimmelf  regarded  it  as  either  the  western 
border  of  the  third  Watchung  flow  or  an  independent  sheet.  Th^  struc- 
ture of  the  intervening  shales,  however,  makes  it  quite  probable  that  the 
New  Vernon  trap  is  continuous  with  the  third  Watchung  (or  Long  hill) 
extrusive,  or  at  least  contemporaneous  with  this,  and  therefore  occupy- 
ing the  same  horizon.  The  outcrop  was  thrown  so  far  eastward  by  the 
anticline  that  it  escaped  being  cut  off  by  the  great  boundary  fault  along 
the  adjacent  border  of  the  crystalline  Highlands  (cross-section,  plate  1). 

Sand  Brook  and  New  Oermantown  traps. — These  two  small  remnants 
of  extrusives  have  been  preserved  by  spoon-shaped  synclines  with  west- 
ward pitching  axes,  and  in  both  cases  they  have  been  cut  off  to  the  west- 
ward by  faults.  Each  contains  remnants  of  two  separate  masses  of  trap, 
and  the  forins  and  relations  seem  to  be  exactly  the  same  in  both.  The 
larger  mass  in  each  outcrops  in  a  westward  pointing  crescent  and  curves 
downward  beneath  the  shales  within ;  the  smaller  caps  a  roimded  hill  be- 
tween the  points  of  the  crescent,  thus  resting  on  the  sediments  overlying 
the  synclinal  sheet  below.  At  New  Germantown  this  upper  fragment  is 
separated,  probably  by  erosion,  into  two  small,  disconnected  masses. 

Kiimmel,J  finding  the  contacts  of  these  smaller  masses  so  obscured  by 
soil  covering  at  both  localities  that  their  relations  to  the  sediments  could 
not  be  directly  observed,  was  uncertain  as  to  their  extrusive  character; 
but  from  their  structure,  lithic  character,  and  the  absence  of  metamor- 
phic  effects  on  the  sediments,  there  can  be  little  doubt  of  it. 

Here,  then,  in  each  case  are  remnants  of  two  lava  flows  separated  by 
several  hundred  feet  of  shales,  and  both  Darton§  and  Kiimmelf  have 
shown  that  they  occupy  approximately  the  same  horizons  as  the  Watchung 
extrusives.  The  former,  however,  makes  no  reference  to  this  point  in  the 
discussion,  and  the  latter  concludes  that  ''there  is  no  evidence  that  they 
are  parts  of  the  same  flows.''  On  the  other  hand,  it  may  be  shown  that 
such  a  correlation  is  not  at  all  improbable.     The  present  Watchung  sheets 

•  BnlL  U.  8.  Qeologlcal  Saryey,  no.  67,  1800,  p.  34. 

t  Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1897,  p.  01. 

t  Loc  cit.,  pp.  01,  02. 

I  Bull.  IT.  6.  Geological  Surrey,  no.  67,  1800,  fig.  11,  p.  3S. 
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are  certainly  only  remnants  of  the  original  flows^  although  still  occupying 
a  region  some  12  hy  40  miles  in  extent.  If  extended  half  as  far  again, 
they  would  spread  beyond  the  most  distant  remnants  at  Sand  Brook. 
Considering  the  thickness  of  the  first  and  second  Watchung  extrusives  at 
their  southern  extremities,  it  is  not  unreasonable  to  assume  such  an  ex- 
tension at  the  time  of  their  origin. 

If  thus  extended  and  of  earlier  origin  than  the  Sand  Brook  and  New 
Germantown  traps,  their  outcropping  edges  would  now  appear  in  larger 
curves' to  the  east  of  these.  If,  on  the  other  hand,  the  Sand  Brook  and 
New  Qermantown  traps  were  older  than  the  Watchung  sheets,  we  should 
expect  them  to  appear  in  the  shales  beneath  and  southwest  of  the  latter, 
unless  they  are  parts  of  very  limited  local  flows.  This  applies  with  par- 
ticular force  to  the  New  Germantown  trap,  which  is  only  six  miles  dis- 
tant from  the  Watchung  mountains.  There  is  still  another  possible  con- 
dition, namely,  that  neither  the  small  synclinal  remnants,  on  the  one 
hand,  nor  the  Watchung  flows,  on  the  other,  have  ever  extended  far 
enough  beyond  their  present  boimdaries  to  overlap  the  regions  now  occu- 
pied by  the  other.  In  this  case  their  relations  can  be  established  only  by 
the  stratigraphy,  and  it  is  impossible  in  the  homogeneous  red  shales  of 
this  region  to  attain  more  than  an  approximate  correlation.  Even  re- 
garding the  small  areas  as  independent  local  flows,  however,  it  is  more 
probable,  a  priori^  that  the  smaller  eruptions  were  contemporaneous  with 
the  larger  volcanic  activity  of  the  adjacent  area,  especially  since  the 
structure  shows  that  they  are  at  least  approximately  contemporaneous. 

RELATIOXS  OF  THE  INTRUSIVE  TRAPS 

General  characteristics. — The  intrusives  include  the  Palisades  in  the 
northeast  and  the  entire  assemblage  of  trap  outcrops  in  the  southwest 
except  the  small  extrusive  remnants  at  Sand  Brook.  Most  of  these  are  in 
the  form  of  sills,  or  intrusive  sheets,  with  smaller  masses  appearing  as 
rounded  bosses,  as  the  Snake  hills  and  mount  Gilboa,  or  as  thin  dikes  in 
many  localities. 

The  Palisades  sill, — There  has  been  a  wide  acceptance  among  geolo- 
gists of  the  *^dike-and-sheet"  structure  of  the  Palisades  trap,  as  depicted 
by  Darton,*  in  which  the  lava  is  regarded  as  having  been  intruded  "from 
a  dike  which  follows  at  or  near  the  western  flank  of  the  outcrop."  Dar- 
ton states  that  this  structure  is  best  exposed  in  the  railroad  tunnels 
across  the  ridge  at  Weehawken  and  near  Haverstraw.  The  "dike-and- 
sheet'*  interpretation  is  thus  undoubtedly  due  to  the  preponderating  in- 
fluence of  these  fine  exposures  where  the  trap  does  break  upward  across 

*  Loc.  clt.,  p.  37. 
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the  strata  for  several  feet.  These  sections  have  been  described  in  detail 
and  illustrated  in  the  reports,  while  the  numerous  conformable  contacts 
have  very  naturally  been  passed  over  with  a  simple  statement  of  the  facts. 

Kummel*  has  described  four  conformable  upper  contacts,  two  uncon- 
formable^ and  two  doubtful,  while  of  the  under  contacts  along  the  Hudson 
river  only  three  are  conformable,  fifteen  are  unconformable,  and  one  is 
doubtful.  Yet,  in  spite  of  the  numerous  irregularities  of  the  under  sur- 
face of  the  trap  and  its  constant  shifting  from  one  horizon  to  another,  it 
is  evident  that  in  a  broad,  general  view  it  is  approximately  conformable 
to  the  sedimentary  strata.  Even  less  irregularity  is  known  in  its  upper 
surface,  but  probably  if  an  equal  number  of  contacts  could  be  observed 
the  conditions  would  be  found  about  the  same.  At  any  rate,  there  seems 
to  be  no  good  reason  why  these  upper  contacts  should  be  regarded  as  in- 
dicating the  fissure  arising  from  the  deep-seated  origin  of  the  lava  when 
it  is  evident  that  similar  contacts  beneath  the  palisades,  where  the  lava 
sometimes  breaks  across  more  than  a  hundred  feet  of  the  strata,  are  in  no 
wise  susceptible  of  such  interpretation.  It  is  therefore  contended  that 
there  is  no  evidence  whatever  to  show  that  the  Palisades  sill  is  any  less 
conformable  to  the  inclosing  strata  westward  down  the  dip  than  in  its 
exposure  along  the  strike.  Of  course,  it  must  have  come  up  through  a 
fissure  or  other  vent  somewhere,  but  it  would  be  a  remarkable  coincidence 
if  this  fissure  should  happen  to  follow  the  western  flank  of  the  present 
outcrop  from  Weehawken  to  Haverstraw  (see  cross-sections,  plate  1). 

Extension  of  the  Palisades  sill, — ^Various  workers  in  this  region  have 
pointed  out  the  probability  that  the  Palisades  sill  is  continuous  with  that 
of  Rocky  hill.  Dartonf  states  that  "the  interval  between  the  Staten 
Island  outcrops  and  those  at  Lawrence  brook  is  mostly  covered  by  Cre- 
taceous cla3rs,  under  which  the  Newark  is  known  to  extend  for  some  dis- 
tance, and  it  is  possible  that  the  trap  continues  southward  and  is  similarly 
overlapped.**  The  accumulation  of  data  from  deep  well  borings  in  the 
sixteen  years  since  this  was  written  now  makes  it  practically  certain  that 
this  supposition  is  true. 

As  pointed  out  by  Darton,  the  shallow  wells  on  Staten  island  show  the 
continuation  of  the  trap  southward  to  the  vicinity  of  Fresh  Kills,  oppo- 
site Carteret,  New  Jersey.  Three  wells  at  the  car  works  at  Carteret, 
after  passing  through  sand  and  clay  60  feet  and  90  feet  respectively, 
struck  hard  rock  that  "dulled  the  drill  in  15  minutes,**  and  was  reported 
by  the  contractor  as  "evidently  trap  rock.**  At  Boynton  Beach,  three 
miles  southwestward,  the  following  well  section  was  found : 

•  Annaal  Report  of  the  State  Geologist  of  New  Jersey  for  1807»  pp.  62-72. 
t  Boll.  U.  8.  Geological  Survey,  no.  67,  1800,  p.  39. 
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_^Feet 

Clay,  sand,  and  gravel 75 

Red  shale 3 

Trap  rock 70 

Red  sandstone 2 

Trap  rock 7 

Total 157 

Evidently  a  Bandstone  inclusion  in  the  trap  was  here  encountered.  Two 
wells  bored  at  Maurer,  2  miles  north  of  -Perth  Amboy,  found  trap  under 
64  and  78  feet  respectively  of  sand  and  clay.  In  a  well  a  mile  and  a 
quarter  south  of  Woodbridge  hard  rock  was  found  at  a  depth  of  63 
feet.  At  first  this  was  supposed  to  be  trap,  but  afterward  it  proved  to  be 
indurated  shale  and  sandstone,  and  is  doubtless  the  metamorphic  sedi- 
ment overlying  the  trap. 

At  Keasby,  on  the  Baritan  river  2  miles  west  of  Perth  Amboy,  hard 
rock,  probably  trap,  was  encountered  under  72  feet  of  sand  and  clay.  In 
dredging  and  blasting  operations  in  the  Raritan  river  a  mile  below  Mar- 
tin's dock  a  reef  of  indurated  shale  500  feet  wide  was  found  crossing  the 
river  in  a  northeast-southwest  course,  5  to  12  feet  below  low  water.  No 
trap  rock  was  found,  but  it  cannot  be  doubted  that  this  corresponds  to  the 
belt  of  *T)aked"  shales  everywhere  skirting  the  intrusive  sills. 

Again,  2  miles  southeast  of  Deans,  near  Fresh  Ponds,  a  bored  well  en- 
countered trap  rock  under  60  feet  of  clay,  unquestionably  the  buried 
margin  of  the  Rocky  Hill  mass  which  outcrops  abundantly  about  Deans.* 

The  several  dikes  east,  south,  and  west  of  New  Brunswick  bear  the 
same  relation  to  this  covered  extension  of  the  sill  as  do  those  of  Arling- 
ton, Snake  hills,  Granton,  and  Bogota  to  its  prominent  outcrop  in  the 
Palisades.  The  Rocky  Hill  tpap  lies  at  a  much  higher  horizon  than  the 
Palisades,  but  it  descends  rapidly  eastward,  and  a  continuation  of  this 
under  the  Cretaceous  cover  would  readily  unite  it  with  the  Palisades  silL 
Furthermore,  the  Rocky  Hill  sill  increases  in  thickness  eastward  from 
its  narrow  outcrop  near  Hopewell,  and  a  similar  thickening  is  continued 
in  the  Palisades  sill  northward  from  Staten  island  and  Bergen  point. 

The  intrusive  traps  of  Pennington  and  Baldpate  moimtains  (P  and  B, 
plate  1)  are  doubtless  continuous  with  the  Rocky  Hill  sill,  as  also  sug- 
gested by  Darton,  and  are  to  be  considered  as  lobe-like  protrusions  which 
probably  merge  into  the  same  mass  at  no  great  depth.  The  irregular 
forms  of  these  mountains  and  the  northeastward  apophysis  of  Rocky  hill 
indicate  subterranean  branching  of  the  lavas  in  this  region. 

*  In  the  order  given,  the  above  data  are  recorded  in  the  Annual  Reports  of  the  State 
Geologist  of  New  Jersey  for  the  following  jears :  1896,  p.  199 ;  1904,  pp.  265,  268  ; 
1895,  p.  93 ;  1898,  pp.  131,  132 ;  1882,  p.  59 ;  1895.  p.  93 ;  1900,  p.  199.  The  wed  near 
Woodbridge,  however,  was  erroneously  reported  as  southwest  of  the  town. 
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The  pofiition  of  the  Sourland  Mountain  trap^  brought  up  by  the  Hopewell 
fault  in  a  great  repeated  series  of  strata  all  dipping  northwest,  strongly 
suggests  that  it  is  also  a  part  of  the  Palisades-Rocky  Hill  silL  If  de- 
pressed some  6,000  feet,  the  approximate  throw  of  the  fault,  according 
to  Kiimmel's  estimate,  it  would  fall  into  line  with  the  probable  subter- 
ranean continuation  of  the  trap  of  Eock}'  hill  and  Pennington  and  Bald- 
pate  mountains.  In  a  similar  manner  mount  Gilboa,  above  Lambert- 
rilie,  and  the  smaller  isolated  trap  mass  at  Byram,  each  lying  on  the 
upthrow  side  of  a  fault  that  repeats  a  large  portion  of  the  sedimentary 
series,  may  reasonably  be  regarded  as  fragments  of  the  same  sill  brought 
up  from  near  its  thinner  northwestern  border  (see  cross-section  along  the 
Delaware  riv«r,  plate  1). 

Thus  the  correlation  here  advocated  regards  the  intrusive  trap  masses 
outcropping  in  the  Palisades,  in  Bocky  hill,  in  Pennington,  Baldpate, 
and  Sourland  mountains,  in  mount  Gilboa,  and  the  mass  at  Byram  {is 
parte  of  one  continuous  intrusive  sill.  Their  present  disconnected  condi- 
tion is  due  to  the  Cretaceous  overlap  in  the  case  of  the  Palisades  and 
Bocky  hill,  to  lobe-like  subterranean  branching  in  Pennington  and  Bald- 
pate mountains,  and  to  repetition  by  faulting  in  Sourland  mountain, 
mount  Gilboa,  and  the  Byram  mass.  Hence  there  is  but  one  great  in- 
trusive sheet  in  the  Newark  of  New  Jersey  in  contrast  with  three  consid- 
erable extrusives. 

Offshoots  of  the  Palisades  sill, — Snake  hill  and  Little  Snake  hill  are 
two  little  knobs  of  trap  that  stand  up  prominently  out  of  the  Hacken- 
sack  meadows  at  distances  of  a  mile  and  three-eighths  and  one  mile  re- 
spectively from  the  western  slope  of  the  Palisades  in  Jersey  City.  If  the 
Palisades  trap  continues  approximately  conformable  to  the  sedimentaries 
under  the  meadows  as  it  does  along  the  Hudson  river,  it  probably  does 
not  lie  more  than  1,600  and  1,300  feet  respectively  below  the  outcrops 
of  the  Snake  hills,  and  it  would  be  difficult  to  construct  a  section  on  this 
basis  without  connecting  them  with  the  great  underlying  sill. 

The  trap  dike  and  intrusive  sheet  that  form  the  small  hill  just  north 
of  Oranton  are  about  800  feet  from  the  nearest  outcrop  of  the  Palisades 
trap,  but  they  are  probably  not  more  than  200  feet  from  the  underlying 
portions  of  it  and  seem  to  be  undoubtedly  connected  with  it. 

Similar  dikes  and  sheets  appear  at  the  Arlington  copper  mines,  4  miles 
from  the  Palisades  at  Jersey  City  and  6  miles  from  the  trap  of  First 
mountain  at  Montclair.  It  seems  probable  that  these  are  also  offshoots 
of  the  Palisades  sill,  which,  with  an  average  westerly  dip  of  12  degrees, 
would  lie  -some  8,000  feet  below ;  but  even  if  the  Palisades  trap  should 
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dip  steeply  downward  from  its  western  flank,  as  Darton  supposed,  these 
dikes  and  sheets  would  be  much  nearer  it  than  to  any  probable  feeding 
fissure  for  the  extmsive  sheets. 

In  like  manner  the  dike  at  Bogota,  the  several  dik^  east,  south,  and 
west  of  New  Brunswick,  and  those  scattered  over  the  region  northwest  of 
Sourland  mountain  are  all  most  readily  explained  as  thin  offshoots  from 
the  same  sill.  In  fact,  some  of  these  north  of  Sourland  mountain  have 
actually  been  traced  by  Eiimmel  to  a  direct  connection  with  the  great 
intrusive  sheet  at  the  outcrop,  and  there  is  little  room  to  question  that 
the  others  are  of  the  same  character. 

The  trap  of  CushetunJc  and  Round  mountains. — ^These  intrusive 
masses  are  of  the  same  nature  as  the  great  Palisades  sill  and  may  be  a 
contemporaneous  upward  protrusion  of  the  same  magma,  but  this  ques- 
tion can  not  now  be  definitely  determined.  There  is  an  interval  of  less 
than  3^  miles  between  Round  mountain  and  the  dikes  about  Fleming- 
ton,  which  are  undoubtedly  offshoots  of  the  Sourland  Mountain  trap. 
The  structure  about  Cushetimk  and  Round  mountains  is  complicated, 
and  outcrops  of  the  shales  are  too  infrequent  in  the  vicinity  of  the  trap 
masses  to  permit  satisfactory  conclusions.  Darton*  concluded  that  we 
have  here  remnants  of  a  wide  intrusive  sill  ^^considerably  fiexed,  and  with 
the  form  of  its  present  outcrops  mainly  determined  by  the  removal  of  the 
trap  from  the  crests  of  the  anticlinals."  Eiimmel,!  on  the  other  hand, 
concluded  that  the  curving  outline  of  Cushetunk  mountain  "is  not  due, 
primarily  at  least,  to  an  anticlinal  or  synclinal  fold  in  the  shales,  but  to 
the  curving  fracture  through  which  the  trap  has  come." 

As  to  Round  mountain,  Eiimmel  considered  it  probably  intrusive,  but 
did  not  regard  the  evidence  as  definite  as  in  some  other  cases.  Meta- 
morphic  effects  recently  observed  on  the  slopes  of  the  mountain,  however, 
leave  no  doubt  as  to  the  intrusive  character,  and  this  is  in  harmony  with 
its  prevailingly  coarse  granitic  texture.  The  few  observations  possible 
seem  to  favor  Barton's  conclusion  that  Roimd  mountain  ^lies  in  a  well 
defined  sjTiclinal,  or  spoon,  and  is  separated  from  Cushetunk  by  a  local 
anticlinal"  from  which  the  intervening  trap  has  been  removed  by  erosion. 

In  the  discussion  of  the  Sand  Brook  and  New  Germantown  extrusives 
above  it  has  been  shown  that  a  former  extension  of  the  Watchung  extru- 
sive sheets  over  this  region  may  reasonably  be  supposed.  It  is  further 
shown  below  that  the  intrusives  are  probably  of  later  date  than  the 
extrusives.  If  these  conclusions  are  correct,  it  is  possible  that  the  up- 
ward movement  of  the  Cushetunk  and  Round  Mountain  magma  was 


•  Bun.  U.  8.  Geological  Survey,  no.  67,  p.  64. 

t  Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1897,  p.  76. 
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stopped  and  its  lateral  extension  determined  by  the  overlying  extrusives, 
which  have  since  been  removed  from  this  region  by  erosion. 

AOB  OF  THB  EXTRVBIVEB 

From  the  position  of  the  extrusive  sheets  near  the  top  of  the  sedimen- 
tary series  it  is  evident  they  were  formed  near  the  close  of  the  period  of 
deposition,  so  far  as  it  is  represented  in  the  strata  that  now  remain.  It  has 
been  shown  that  the  small  remnants  of  extrusives  at  New  Germantown 
and  Sand  Brook  are  approximately  contemporaneous  with  the  Watchung 
extrusives  and  possibly  actual  fragments  of  First  and  Second  Mountain 
sheets'.     All  extrusive  activity  was  therefore  very  late  in  Newark  time. 

AQB  OF  THB  INTRUaiVES 

Several  of  the  intrusive  masses,  as  Rocky  hill,  Pennington,  and  Bald- 
pate  mountains,  Cushetunk  and  Round  mountains,  penetrate  strata  far 
above  the  middle  of  the  series,  and  Kiimmel*  states  that  "there  are  good 
reasons  for  believing  that  many,  probably  all,  of  the  intrusive  sheets  are 
younger  than  the  extrusive,  although  the  evidence  is  not  conclusive." 
He  further  suggests  that  intrusives  were  formed  only  after  the  overlying 
sediments  became  so  thick  that  the  lava  could  not  readily  rise  to  the 
surface. 

According  to  any  theory  of  deposition,  however,  the  elevation  of  the 
surface  did  not  vary  greatly  during  \he  whole  of  Newark  time,  and  there- 
fore the  force  necessary  to  lift  the  lava  to  the  surface  would  be  little 
greater  at  the  close  of  deposition  than  at  its  beginning. 

Doubtless  many  of  the  deeper  strata  had  become  appreciably  consol- 
idated, however,  before  the  close  of  the  period,  and  the  extrusive  sheets, 
if  of  earlier  origin,  formed  an  additional  barrier  against  further  eruption. 
But  there  is  also  a  strong  tendency  to  intrusion  inherent  in  the  characters 
of  the  rocks  themselves,  and  which  must  have  existed  even  at  the  time  of 
the  extrusive  flows.  The  specific  gravity  of  the  trap  rocks  averages  about 
3.0,  while  that  of  the  inclosing  sediments  is  near  2.5.  Thus  for  every 
hundred  feet  in  height  of  a  column  of  lava  there  is  an  excess  pressure  of 
about  20  pounds  per  square  inch  over  that  of  the  inclosing  strata,  and 
this  is  the  measure  of  the  tendency  to  intrusion.  A  column  of  lava 
rising  through  10,000  feet  of  sediments  would  thus  exert  an  excess  pres- 
sure of  2,000  pounds  per  square  inch  at  tlie  bottom  of  the  series,  and  if 
it  could  be  maintained  stationary  in  a  liquid  state  it  would  all  force  its 
way  into  the  lower  strata,  lifting  the  overlying  beds  upon  its  surface. 

A  gentle  welling  up  of  lava  under  such  conditions  would  perhaps 
always  result  in  the  formation  of  some  intrusive  masses,  and  the  over- 

*  Annual  Report  of  the  State  Geologist  of  New  Jersey  for  1897»  p.  99. 
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flow  would  be  roughly  a  measure  of  the  force  of  eruption  in  excess  of  that 
required  merely  to  sustain  the  column.  Solidification  of  the  sedimentaiy 
strata,  in  whatever  degree,  would  also  favor  intrusion,  unless  the  eruption 
followed  a  previously  formed  fissure,  since  cohesion  is  always  less  along 
bedding  planes  than  across  them.  Overlying  extrusive  trap  sheets,  if 
present,  would  greatly  augment  these  predisposing  conditions  due  to  pro- 
gressive induration  of  the  sediments  and  great  difference  in  specific 
gravity,  and  might  serve  to  divert  an  eruption  of  considerable  violence 
into  subterranean  channels.  It  seems  entirely  probable,  therefore,  since 
the  period  of  intrusion  is  known  to  have  been  in  late  Newark  time^  that 
it  was  subsequent  to  one  or  more  of  the  extrusions  and  possibly  contem- 
poraneous with  one  of  the  later  extrusives. 

Furthermore,  the  investigation  of  the  copper  ores*  deposited  in  many 
parts  of  the  Newark  in  New  Jersey  has  shown  that  the  origin  of  many  if 
not  all  of  them  is  intimately  connected  with  the  intrusion  of  the  great 
Palisades  sill  and  its  numerous  offshoots;  but  the  relations  of  some  of 
these  to  the  extrusive  trap  of  First  mountain  are  such  that  they  could 
have  been  deposited  only  after  the  formation  of  the  trap  sheet  and  some 
of  its  overlying  sediments.  Hence  these  studies  also  have  led  to  the 
conclusion  that  the  period  of  intrusion  was  subsequent  to  at  least  the 
first  extrusive  flow. 

On  the  other  -hand,  several  considef  ations  make  it  clear  that  intrusion 
preceded  the  deformation  of  the  strata  by  faulting : 

(1)  The  numerous  faults  by  which  the  traps,  both  extrusive  and  in- 
trusive, are  displaced  throughout  the  area  (plate  1). 

(2)  The  intrusives  of  Sourland  mountain,  mount  Oilboa,  and  Byram 
are  brought  up  in  a  great  series  of  strata  twice  repeated  by  the  Hopewell 
and  Flemington  faults. 

(3)  The  western  extremities  of  the  Cushetunk  Mountain  trap  seem  to 
be  determined  by  a  fault  or  faults,  probably  northward  extensions  of  the 
Flemington  fault. 

(4)  Nowhere  do  the  intrusives  follow  or  send  off  branches  along  these 
fault  fissures,  and  hence  there  is  no  evidence  of  igneous  activity  either 
during  or  subsequent  to  their  development. 

Thus  all  considerations  agree  in  placing  the  date  of  intrusion  after  the 
formation  of  the  first  extrusive  sheet  and  before  the  deformation  of  the 
strata  by  faulting  and  tilting.  Possibly,  therefore,  the  great  intrusive  sill 
is  contemporaneous  with  one  of  the  great  lava  flows  of  the  second  extru- 
sive, or  with  tlie  scant  eruption  of  the  third,  or  even  subsequent  to  both. 

•  J.  Volney  Lewis :  "The  Newark  copper  ores  of  New  Jersey."  To  be  pubUshed  in  the 
Annvnil  Report  of  the  State  Oeologlst  of  New  Jersey  for  1906. 
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General  Description 

During  the  summer  of  1904,  while  engaged  in  geologic  investigati(m8 
in  the  Bio  Grande  valley  in  New  Mexico,  the  writer  visited  the  voloafiic 
region  about  30  miles  northwest  of  El  Paso  and  there  examined  the  two 
depressions  locally  known  as  the  Afton  craters.  These  depressions,  sepa- 
rated by  about  2  miles,  occur  in  the  level  plain,  known  as  La  Mesa,  west 
if  the  Sio  Grande  and  about  8  miles  south  of  Afton,  a  station  im  t^e 
Southern  Pacific  railroad.  The  smaller,  which  is  nearly  circular  in  out- 
hne,  is  about  a  mile  in  diameter  and  has  a  depth  of  150  feet  below  the 
general  level  of  the  plain.  The  larger  is  oblong,  2  miles  in  length  j^d 
about  1^4  miles  wide,  with  a  depth  of  250  feet  below  the  surface  of  the 
plain.  Each  depression  is  surrounded  by  a  rim  varying  in  width  from  a 
few  hundred  feet  to  half  a  mile  or  more  and  rising  10  to  200  feet  above 
the  plain.     The  maximum  difference  in  elevation  between  the  bottom  of 

*  PnbUslied  by  permlBslon  of  the  Director  of  the  U.  S.  QeoLoglcal  Surrey.     Mapu- 
Kflpt  received  by  the  Secretary  of  the  Society  March  2,  1907. 
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the  larger  crater  and  the  top  of  the  rim  is  463  feet.  For  eonvenience  of 
description  the  local  names  of  these  depressions  may  be  adopted,  the  south- 
ern one  being  known  as  the  Stehling  crater  and  the  northern  and  larger 
one  as  the  Kilbum  crater.  They  are  essentially  alike  and  the  description 
applies  to  both^  although  the  observations  were  made  mainly  at  the  larger 
or  Kilburn  crater.  A  sketch  map  and  a  section  of  the  Kilbum  crater  are 
given  in  figure  1. 

The  sides  of  the  depressions  are  steep  and  well  exposed.  The  material 
beneath  the  general  level  of  the  plain  consists  of  unconsolidated,  but  well 
stratified  sand,  with  bedding  undisturbed.  No  fragments  of  volcanic  rock 
were  found  in  these  beds. 

Above  the  stratified  sand  is  a  sheet  of  basalt  having  a  maximum  thick-* 
ness  of  about  15  feet.  This  nearly  surrounds  the  craters  and  extends  east- 
ward and  northward  over  a  considerable  area.  The  rock  contains  but  few 
gas  cavities,  is  very  compact,  and  is  roughly  columnar. 

The  circular  rim  is  composed  of  sand/  scoriaceous  cinders,  fragments 
of  pumice,  and  angular  blocks  of  basalt.  The  sand  of  which  the  rim  is 
mainly  composed  is  fine,  loose,  and  generally  imstratified,  although  in  a 
few  places  near  the  base  irregular  bedding  was  noted,  the  layers  sloping 
outward,  from  the  crater  and  being  distinctly  unconformable  with  the 
tmderlying  sands.  The  volcanic  cinders  and  fragments  of  pumice  are 
intimately  commingled  with  the  sand  and  vary  in  size  from  that  of 
sand  grains  to  pieces  an  inch  or  more  in  diameter.  The  blocks  of  basalt, 
varying  in  diameter  from  a  few  inches  to  several  feet,  are  embedded  in 
the  sand  and  cinders  of  the  crater  rims,  and  although  they  were  noted  in 
other  parts  are  most  numerous  at  the  northern  end  of  the  Kilburn  crater. 

Probably  the  craters  were  formerly  deeper  and  narrower  than  they  are 
at  present,  as  is  indicated  by  the  dotted  lines  in  the  section  in  figure  1, 
and  have  been  partly  filled  by  the  falling  in  of  the  sides.  The  evidence 
of  this  is  found  in  irregular  mounds  of  sand  and  blocks  of  basalt  fallen 
from  the  sides,  and  in  the  fact  that  small  portions  of  the  lava  sheet  are 
inclined  inward,  as  shown  in  the  section.  Further  evidence  of  such  fill- 
ing was  obtained  in  drilling  a  well  in  the  Kilburn  crater  by  finding  a 
piece  of  unpetrified  wood  at  a  depth  of  about  100  feet. 

Geographic  Features 

In  order  to  understand  the  significance  of  these  depressions  and  to 
find  a  rational  explanation  for  them,  it  is  necessary  to  consider  some  of 
the  surrounding  conditions.     These  have  been  described  in  part  in   a 
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former  publication,*  to  which  the  reader  is  referred  for  more  extended 
statements  than  can  be  given  in  this  connection.  A  brief  summary, 
however,  may  be  in  place. 

The  plain  in  which  the  craters  occur  is  the  aggraded  surface  of  the 
ancient  valley  of  the  Rio  Grande.  In  common  with  the  old  valleys  of 
the  southwest  generally,!  that  of  the  Rio  Qrande  was  filled  with  sand 
and  gravel  to  a  great  though  unknown  depth  in  recent  geologic  time.  It 
should  be  noted  that  the  Rio  Grande,  as  described  in  the  paper  just  re- 
ferred to,  formerly  flowed  southward  into  Mexico  across  La  Mesa  west  of 
Eodadero  peak  (or  Cerro  de  Mulero,  as  the  elevation  is  called  by  the 
residents  of  that  region)  and  was  deflected  eastward  at  El  Paso  after  the 
old  valley  had  been  filled  with  sand.  This  deflection  may  have  been  due 
to  the  building  up  of  the  valley  floor  until  the  level  of  the  Pass  was 
reached,  or  it  may  have  been  accomplished,  as  suggested  by  R.  T.  Hill, 
by  the  headward  erosion  of  a  gulfward-flowing  stream  which,  after  cap- 
turing the  ancient  Rio  Grande^  became  the  lower  portion  of  that  river 
as  we  know  it  at  the  present  time. 

After  its  deflection  at  El  Paso  the  river  eroded  a  secondary  vall^^y  in 
the  sand  beds,  leaving  the  aggraded  surface,  here  about  20  miles  wide,  as 
a  mesa  plain  300  to  400  feet  above  the  present  river  bed.  The  material 
composing  the  plain  is  so  porous  that  the  rain  falling  upon  it  sinks  at 
once  without  forming  even  temporary  drainage  courses  of  any  consider- 
able length.  The  surface  is  therefore  practically  unaffected  by  stream 
erosion,  but  the  sand  at  the  surface  is  constantly  shifted  by  winds. 

The  depth  of  the  valley  filling  is  unknown;  wells  nearly  1,000  feet 
deep  do  not  reach  through  it,  and  in  a  neighboring  valley  near  El  Paso 
no  solid  rock  was  encountered  at  a  depth  of  nearly  2,300  feet.J  The 
depth  to  which  the  ancient  valley  of  the  Rio  Grande  has  been  filled  is, 
therefore,  probably  much  more  than  1,000  feet,  the  greatest  depth 
reached  in  the  wells  of  La  Mesa. 

Geologic  Conditions 
quaternary  bands 

The  determination  of  the  geologic  age  of  the  sands  seems  to  fix  within 
narrow  limits  the  time  when  the  craters  were  formed.  In  drilling  a 
well  in  the  Kilbum  crater  a  fossil  was  found  at  a  depth  of  70  feet — 
330  feet  below  the  general  level  of  the  plain — which  Dr  J.  W.  Gidley,§ 

•  W.  T.  Lee :  Water  resources  of  the  Rio  Grande  valley  In  New  Mexico.  Water-supply 
and  Irrigation  Paper  no.  188,  U.  S.  Geological  Survey,  1907,  pp.  21. 

t  Compare  W.  T.  Lee :  Geology  of  the  lower  Colorado  river.  Bull.  Geol.  Soc.  Am.,  vol. 
17.  1906.  pp.  275-284. 

X  G.  B.  Richardson :  Reconnaissance  In  trans-Pecos,  Texas.  Bull.  Univ.  Texas,  no.  23, 
1904,  p.  96. 

I  Personal  commnnicatlon. 
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of  the  United  States  National  Museum^  has  determined  to  be  a  part  of 
the  jaw  of  a  Pleistocene  horse.  It  is  probable  that  the  fossil  was  not  in 
place  at  this  depth,  for  the  crater  has  been  filled  to  some  extent  by  the 
caving  of  its  sides,  as  previously  described.  The  horse  may  have  been 
entombed  after  the  crater  was  formed,  but  a  more  probable  explanation 
is  tiiat  the  bones,  buried  near  the  top  of  the  sands  previous  to  the  forma- 
tion of  the  crater,  reached  their  present  position  through  the  falling  of 
the  sides. 

About  200  miles  farther  north,  in  deposits  similar  to  those  found  in 
Eilbum  crater,  Cope*  found  a  number  of  Quaternary  fossils,  and  more 
recently  at  Mastodon,  a  siding  on  the  El  Paso  and  Southwestern  railroad 
between  El  Paso  and  Noria  and  15  miles  south  of  the  Afton  craters, 
bones  have  been  found  of  two  well  known  Pleistocene  species.  Mastodon 
americanus  and  Equus  complicatus.  These  bones  were  found  in  a 
railroad  cut  by  an  employ^  of  Mr  H.  J.  Simmons,  general  manager  of 
the  El  Paso  and  Southwestern  railroad.  Mr  Simmons  gave  them  to 
Dr  G.  B.  Richardson,  at  whose  request  they  were  identified  by  Dr  J.  W. 
Gidley,  of  the  TT.  S.  National  Museum.  At  El  Paso,  in  beds  which  be- 
long to  the  same  horizon  as  those  at  the  Afton  craters  and  at  Mastodon, 
and  which  are  similar  to  them  in  physical  character,  bones  have  recently 
been  found  of  three  Pleistocene  species,  Equus  complicatus^  Elephas 
columbi  (Mammoth),  and  Tapiris  hay  sit  (?).  These  bones  were  found 
by  Mr  Walter  Kock  in  a  gravel  pit  at  El  Paso,  Texas,  and  given  by  him 
to  Doctor  Hichardson,f  at  whose  request  they  were  identified  by  Doctor 
Qidley.  The  occurrence  of  these  fossils  in  the  sands  proves  that  at  least 
the  upper  part  of  the  valley  filling  is  Pleistocene. 

On  the  other  hand,  the  Santa  F6  marls  of  the  Rio  Grande  region  of 
central  New  Mexico,  described  by  CopeJ  as  late  Tertiary,  do  not  differ 
notably  in  constitution  or  physical  character  from  the  Pleistocene  sands. 
It  would  be  exceedingly  diflBcult  without  the  aid  of  fossils  to  distinguish 
between  these  formations. 

PRE-QUATERNARY  FORMATIONS 

The  rock  floor  of  the  filled  valley  consists  in  part  at  least  of  Lower 
Cretaceous  limestone  and  shale.     Hill§  discovered  the  Comanche  near 

*  B.  D.  Cope :  Geographical  explorations  and  sarveys  west  of  the  100th  meridian,  by 
Wheeler,  annual  report.  Annual  Report  of  the  Chief  of  Engineers,  U.  S.  Army,  for 
1875,  Appendix  LL,  Washington,  1875,  pp.  61. 

t  O.  B.  Richardson :  Science,  new  series,  toI.  25,  1893,  pp.  31-33. 

%  H.  D.  Cope :  Proc.  Am.  Phil.  Soc,  vol.  21,  1884,  p.  308.  See  also  Proc.  Phlla. 
Acad.  Sci.,  vol.  26,  1874,  p.  1471. 

I  R.  T.  Hill :  Bull.  Geol.  Soc.  Am.,  vol.  2,  1891,  pp.  517-518 ;  also  Am.  Jour.  Scl.,  vol. 
45,  1893,  p.  318. 
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El  Paso,  and  Stanton  and  Vaughan*  later  described  the  section  in  detail. 
These  rocks  are  exposed  east  of  the  old  valley  in  the  Rodadero  peak  near 
El  Paso,  and  the  writer  found  fossils  near  the  northern  end  of  the 
Potrillo  mountains,  a  few  miles  southwest  of  the  Afton  craters,  which, 
according  to  Stanton,t  belong  to  the  Fredericksburg  group  of  the  Co- 
manche series.  These  rocks  in  many  parts  of  southern  New  Mexico  and 
western  Texas  are  underlain  by  the  Permo-Carboniferous  red  beds,J 
which  are  known  to  contain  beds  of  salt  arid  gypsum.  The  occurrence 
of  the  Comanche  beds  on  either  side  indicates  that  the  ancient  valley  is 
probably  eroded  either  in  this  formation  or  through  it  into  the  Bed  beds. 
The  probable  occurrence  of  salt,  gypsum,  and  limestone  beneath  the  Afton 
craters  will  be  referred  to  in  considering  the  ways  in  which  the  craters 
may  have  been  formed. 

VOLCANIC  ACTION 

The  Afton  craters  are  located  in  a  region  of  recent  volcanic  activity. 
Sheets  of  basalt  cover  a  considerable  area  of  the  plain,  which  with  their 
associated  volcanic  cones  represent  at  least  two  periods  of  eruption. 
The  older  lava,  one  sheet  of  which  is  exposed  in  the  Afton  craters,  is 
more  or  less  eroded  and  partly  covered  with  soil.  The  younger  cones 
and  associated  flows  have  rough,  unweathered  surfaces  and  contain  caves, 
open  fissures,  and  other  evidence  of  recent  formation.  Volcanic  cinders 
are  nowhere  conspicuous.  The  cones  are  low,  spreading,  and  composed 
almost  exclusively  of  flow  lava,  little  evidence  of  explosive  action  being 
found  in  connection  with  them.  The  flows  are  not  notablv  scoriaceous 
and  occur  in  broad,  thin  sheets,  which  suggest  a  very  fluid  and  highly 
heated  condition  of  the  rock  at  the  time  of  its  extrusion.  One  of  the 
smallest  of  the  recent  cones,  having  at  the  apex  a  depression  about  100 
feet  in  diameter,  occurs  between  the  two  Afton  craters. 

TIME  OF  ERUPTIONS 

The  position  of  the  older  lavas  above  thick  beds  of  Pleistocene  sand 
proves  that  the  time  of  their  extrusion  was  long  after  the  opening  of  the 
Quaternary.  Judging  from  the  evident  difference  in  the  amount  of 
weathering  of  the  lavas,  a  considerable  length  of  time  intervened  between 
the  two  periods  of  eruption,  rendering  it  probable  that  the  last  eruption 

•  T.  W.  Rtanton  and  T.  Wayland  Vaugban  :  Section  of  the  Cretaceous  at  BI  Paso. 
Texas.     Am.  Jour.  Scl..  vol.  1,  1896,  p.  21. 

t  Personal  communication. 

t  On  account  of  the  resemblance  of  tbese  lieds  to  tbe  Red  beds  of  eastern  New  Mexico 
and  Texas,  they  have  been  frequently  referred  to  as  Permo-Trlaa.  While  some  Permian 
red  beds  have  been  reported  from  the  Rio  Grande  region,  the  great  bulk  of  the  red  sand- 
stones and  shales  are  now  known  to  be  older  than  the  Permian,  as  shown  by  the  writer 
in  a  brief  article  in  the  Journal  of  Geology,  vol.  15,  1907,  pp.  52-58. 
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took  place  in  very  recent  time,  an  inference  which  agrees  well  with  the 
supposition  that  the  Afton  craters  were  formed  during  the  second  or 
lat^t  period  of  volcanic  activity. 

Hydrologic  Conditions 

The  valley  filling  is  saturated  with  water  bebw  a  depth  of  100  feet 
beneath  the  bottom  of  the  Kilbum  crater,  a  level  nearly  corresponding 
with  that  of  the  river,  as  shown  by  wells  sunk  in  various  parts  of  La 
Mesa.  The  water  obtained  in  the  Kilburn  crater  is  charged  with  hydro- 
gen sulphide  and  has  a  temperature  of  nearly  100°  Fahrenheit,  15°  or 
more  warmer  than' water  from  the  same  horizon  in  surrounding  wells. 

Other  Depressions  similar  to  the  Afton  Craters 

Depressions  resembling  more  or  less  closely  the  Afton  craters  have 
been  described  from  several  localities.  Among  those  comparable  in  size 
with  the  Afton  craters  and  most  closely  resembling  them  in  character, 
two  may  be  mentioned:  Coon  butte,  near  Flagstaff,  Arizona,  described 
by  Gilbert*  and  others,  which  is  a  circular  depression  about  3,800  feet  in 
diameter  and  400  feet  deep,  surrounded  by  a  crater  rim  160  feet  high, 
and  Zuni  Salt  lake,  in  western  New  Mexico,  described  by  Dartonf  and 
others,  which  is  a  nearly  circular  depression  about  a  mile  in  diameter 
and  350  feet  deep. 

Comparable  also,  in  some  measure  at  least,  are  such  volcanic  phenom- 
ena as  calderas  like  that  of  Crater  lake  in  Oregon,!  and  the  crater  rings 
described  by  Russell§  from  the  Snake  River  region  of  Idaho,  in  which 
two  depressions  occur,  the  larger  being  1,100  feet  across  and  200  feet 
deep. 

Among  other  depressions  which  may  be  compared  with  the  Afton 
craters  are  Montezumas  well,  ||  in  Arizona,  a  circular  depression  about  600 
feet  in  diameter  and  170  feet  deep,  and  Salt  well,^  in  southern  Nevada, 
300  feet  in  diameter  and  65  feet  deep. 

*  G.  K.  Gilbert :  Science,  new  series,  vol.  3,  1806,  p.  1. 

t  N.  H.  Darton :  The  Zunl  Salt  lake.     Journal  of  Geology,  vol.  13,  1905,  pp.  185-103. 

X  J.  S.  DlUer  and  H.  B.  Patton :  The  geology  and  petrography  of  Crater  lAke  National 
park.     Professional  Paper  no.  3,  U.  S.  Geol.  Survey,  1002. 

i  I.  C.  Russell :  Geology  and  water  resources  of  the  Snake  River  plains  of  Idaho. 
Bull.  no.  109,  U.  S.  Geological  Survey,  p.  110. 

I  William  P.  Blake :  Origin  of  the  depression  known  as  Montezumas  well,  Arizona. 
Science,  new  series,  vol.  24,  1006,  p.  568. 

1  G.  K.  Gilbert :  Wheeler  Survey,  Geog.  and  Geol.  Survey  West  of  100th  Meridian, 
vol.  3.  Geology,  1875,  p.  109. 
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Possible  Causes  of  Formation 

The  principal  hypotheses  that  have  been  developed  to  explain  the 
various  depressions  above  referred  to  are  as  follows : 

1.  The  impact  of  a  meteorite^  originally  suggested  by  Gilbert*  and  re- 
cently urged  by  Barringerf  and  Tilghnian.J 

2.  Explosion  of  steam  or  other  gases,  due  to  volcanic  action. 

3.  Sinking  of  the  surface,  caused  by  the  removal  of  underlying  ma- 
terial by  volcanic  action,  as  in  the  case  of  calderas  and  crater  rings. 

4.  Caving  of  the  surface,  due  to  the  removal  by  solution  of  underlying 
material. 

Choice  of  Hypotheses 

Since  no  indication  of  the  presence  of  an  extra-terrestrial  body  has 
been  found  near  the  Af ton  craters,  the  first  hypothesis  can  be  dismissed 
without  discussion. 

The  hypothesis  of  volcanic  explosion  (2)  apparently  explains  most 
satisfactorily  the  observed^  facts.  It  is  conceivable  that  explosions  may 
have  been  caused  by  the  sudden  conversion  of  water  into  steam,  following 
the  entrance  of  molten  lava  into  the  water-saturated  sands.  The  pres- 
ence of  extensive  lava  flows  and  large  crater  cones  in  the  vicinity  of  the 
Afton  craters  shows  that  great  quantities  of  extruded  lava  reached  the 
surface  in  places.  The  cones  vary  greatly  in  size,  and  the  smallest  of 
them,  in  which  only  a  slight  quantity  of  lava  reached  the  surface,  is 
situated  between  the  Afton  craters.  It  is  conceivable  that  in  the  case  of 
the  Afton  craters  lava  was  thrust  into  the  water-bearing  sands,  but  failed 
for  some  reason  to  reach  the  surface.  In  other  words,  these  craters  may 
represent  one  of  the  first  stages  of  volcanic  action  in  this  district.  It  is 
probable  that  at  one  time  the  other  craters  presented  some  such  aspect  as 
the  AiiojL  craters  now  show,  and  the  later  eruptions  filled  the  depressions 
with  lava  and  finally  built  volcanic  cones. 

The  composition  of  the  crater  rims  proves  beyond  reasonable  doubt 
that  the  material  came  from  beneath.  The  supporting  facts  already 
stated  may  be  summarized  as  follows :  The  rims  arc  composed  of  an  inti- 
mate mixture  of  fine  sand,  volcanic  cinders,  and  blocks  of  lava,  the  vol- 
ume of  sand  greatly  exceeding  that  of  the  cinders.  The  cinders  are 
highly  scoriaceous,  thus  differing  notably  from  the  older  compact  flows — 
a  fact  apparently  unfavorable  to  the  supposition  that  the  cinders  may 

*  G.  K.  Gilbert :  Science,  new  series,  vol.  3,  1896,  p.  1. 

t  D.  M.  BarrlQjirer :  Coon  mountain  and  its  crater.  Proc.  Acad.  Nat.  8cl.,  Philadel- 
phia, 1905,  pp.  861-886. 

t  B.  C.  Tilgbman :  Coon  butte,  Arizona.  Proc.  Acad.  Nat.  Sci..  Philadelphia,  1005, 
pp.  887-914. 
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haye  been  formed  by  the  mptnre  of  previously  hardened  lava.  The 
specimens  collected  for  examination  were  found  to  have  the  same  mega- 
scopic and  microscopic  appearance  as  cinders  from  volcanic  cones  and 
gave  no  evidence  for  or  against  the  hypothesis  suggested. 

The  presence  of  the  angular  blocks  of  basalt  in  the  rims  can  be  satis- 
factorily accounted  for  only  on  the  supposition  that  they  came  from  the 
underlying  basalt  sheet.  No  sand  mounds  were  found  elsewhere  on  La 
Mesa  which  are  at  all  comparable  in  elevation  with  the  crater  rims; 
hence  there  is  nothing  to  suggest  that  the  rims  are  in  any  sense  rem- 
nants left  by  a  general  degradation  of  the  plain.  There  is^  furthermore, 
good  evidence  in  the  general  character  of  the  plain  that  its  present  sur- 
face is  essentially  the  same  as  that  originally  formed  by  the  deposition 
of  the  sands. 

Apparoitly  the  only  objection  to  the  explosion  hypothesis  is  the  prob- 
able discrepancy  in  volume  between  the  cratefs  and  the  rims.  The 
volume  of  the  rims  is  apparently  less  than  that  of  the  depressions  from 
which  the  material  is  presumably  derived,  but  a  measure  of  the  differ- 
ence can  be  given  only  after  much  more  detailed  surveys  have  been  made. 
As  previously  stated,  however,  the  action  of  the  wind  is  adequate  to  ac- 
cotmt  for  a  considerable  diminution  in  the  size  of  the  rims.  The  im- 
portance of  tiie  wind  as  a  transporting  agent  in  this  region  is  shown  by 
the  great  quantities  of  drifting  sand  and  by  the  numerous  areas  of  gravel 
due  to  the  surface  concentration  of  coarser  material  that  are  found  in 
many  places  on  the  surface  of  La  Mesa.  It  is  not  improbable  that  the 
enter  rims  may  originally  have  been  volumetrically  equal  to  the  depres- 
sions and  have  been  diminished  to  their  present  volume  wholly  through 
wind  action.  A  certain  amount  of  diminution  by  this  means  is  proved 
by  the  fact  that  the  rims  are  covered  more  or  less  completely  with  frag- 
ments of  lava,  small  pebbles,  and  sand  too  coarse  to  be  readily  moved  by 
winds. 

It  is  furthermore  probable — and  for  this  suggestion  I  am  indebted  to 
Dr  Whitman  Cross — ^that  explosions  having  force  suflBcient  to  blow  out 
such  large  craters  would  throw  much  of  the  material  too  far  away  to  be 
included  in  a  recognizable  rim. 

The  other  two  hypotheses  may  be  possible,  but  can  scarcely  be  consid- 
ered probable.  The  presence  of  the  craters  in  a  volcanic  region  within  a 
few  miles  of  vents  from  which  considerable  quantities  of  lava  have  been 
extruded  is  in  some  measure  favorable  to  the  third  hypothesis.  The  fact 
also  that  the  volume  of  material  in  the  crater  rims  is  apparently  less  than 
that  of  the  depressions  might  be  interpreted  as  favorable  to  this  hypoth- 
esis, were  it  not  for  the  more  probable  explanation  just  given. 

XYII — ^Buui.  Qbol.  Soc.  Ah.,  Vol.  18,  1006 
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The  hypothesis  (4)  of  caving  due  to  solution  of  underlying  beds, 
while  theoretically  possible,  finds  little  more  support  in  observed  facts 
than  the  one  of  sinking  caused  by  the  removal  of  nnderlying  volcanic 
rock.  Probably  the  strongest  points  that  might  be  urged  in  its  favor 
are:  First,  the  volumetric  discrepancy  between  the  rims  and  the  crater 
depressions,  and,  second,  the  probable  occurrence  beneath  the  plain  of 
the  salt,  gypsum,  and  limestone  deposits  of  the  red  beds,  the  subter- 
ranean solution  of  which  has  elsewhere  produced  notable  sinks.  The 
first  has  been  sufficiently  discussed,  but  further  attention  should  be  given 
to  the  second. 

Montezumas  well,  in  central  Arizona,  is  presumably  due  to  the  solu- 
tion of  underlying  limestone,  as  explained  by  Blake  in  the  article  pre- 
viously cited.  Salt  well,  in  southern  Nevada,  and  to  some  extent  at 
least  the  crater  of  Zuni  Salt  lake  of  western  New  Mexico,  are  explained 
by  the  geologists  who  hftve  described  them  as  occasioned  by  the  solution 
of  underlving  beds  of  salt.  The  removal  of  gypsum  by  subterranean 
solution  is  also  known  to  have  produced  remarkable  sinks,  notably  in 
Pecos  valley,  eastern  New  Mexico,  as  described  by  Fisher*  and  by  Lee.f 

Opposed  to  the  hypothesis  of  subterranean  solution,  however,  is  the 
probable  depth  of  the  salt  and  gypsum.  As  previously  described,  the 
sands  of  the  valley  filling  are  at  least  1,000  feet  thick  and  probably  rest 
on  Lower  Cretaceous  strata  of  unknown  thickness.  The  nearest  out- 
crops of  the  Bed  beds  indicate  that  1,000  feet  or  more  of  strata  intervene 
between  the  salt  and  gypsum  horizons  and  the  overlying  Cretaceous  beds. 
It  is  probable,  therefore,  that  the  salt  and  gypsum,  if  present  beneath 
La  Mesa,  lie  too  deep  for  their  solution  to  have  been  effective  in  forming 
the  Afton  craters. 

CONOLUSION 

The  observed  facts  all  point  to  the  hypothesis  of  volcanic  explosion  as 
giving  the  most  rational  explanation  of  the  Afton  craters.  It  is  further- 
more probable  that  the  explosions  were  caused  by  the  formation  of  steam 
generated  by  lava  that  was  forced  into  the  water-saturated  sands,  but  that 
failed  to  reach  the  surface.  The  probable  presence  of  this  lava,  stiU  re- 
taining its  heat  in  some  measure,  is  indicated  by  the  occurrence  of  the 
warm  well-water  in  the  Kilbum  crater. 

*  C.  A.  Fisher :  Geology  and  underground  waters  of  the  Roswell  artesian  area.  New 
Mexico.     Water-supply  and  Irrigation  Paper  no.  158,  U.  S.  Geological  Surrey,  1900. 

t  W.  T.  Lee :  Gypsum  beds  and  water  storage  In  the  Pecos  valley  of  New  Mexico. 
Bdence,  new  series,  vol.  23,  1906,  p.  306, 
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Introduction 


Near  Argostoli^  on  the  southern  coast  of  the  island  of  Cephalonia,  in 
Greece,  a  stream  of  salt  water  has  for  an  unknown  period  of  time  left  the 
almost  tideless  sea,  and,  flowing  inland  with  a  volume  sufiScient  to  fur- 
nish water  power  to  two  mills,  finally  disappeared  in  fissures  represent- 
ing enlarged  joint  cracks  in  the  limestone.  This  remarkable  reversal  of 
the  normal  conditions  of  drainage  and  the  disposal  of  the  immense  quan- 
tities of  water  sinking  into  the  limestone  have  long  been  themes  for  spec- 
ulation.   It  remained  for  F.  W.  and  W.  0.  Crosby,*  however,  to  offer 

*  Manuscript  received  by  the  Secretary  of  the  Boclety  April  19,  1907. 

*  The  sea  mills  of  Cephalonla,  Technical  Quarterly,  vol.  9,  1896,  pp.  6-23. 
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the  first  plausible  explanation,  which,  in  brief,  is  the  differential  action 
of  the  earth's  interior  heat  on  an  unsymmetrical  passage  with  a  short 
"inlef '  and  a  long  "outlet"  arm,  the  water  in  the  latter,  because  of  its 
greater  exposure  to  the  heat,  being  warmer  and  lighter  than  in  the  short 
arm,  thus  establishing  the  necessary  conditions  for  circulation. 

The  object  of  the  present  paper  is  to  call  attention  to  another  possible, 
but  heretofore  unrecognized,  factor  in  the  circulation,  namely,  the  differ- 
ence in  the  density  in  different  parts  of  the  passage  due  to  an  admixture 
of  fresh  water  with  the  salt.  Both  heat  and  dilution  may  unquestionably 
be  real  causes  of  circulation  of  the  Cephalonia  type,  and  it  only  remains 
to  determine  their  relative  effectiveness  and  probability.  In  doing  this 
we  must  rely  on  the  evidence  afforded  by  the  local  conditions  in  the 
Cephalonia  region,  especially  in  regard  to  the  neighboring  springs,  and 
on  our  general  knowledge  of  the  nature  of  deep  circulation. 

The  writer  wishes  at  this  point  to  express  his  thanks  to  Professors 
W.  0.  Crosby  and  J.  F.  Kemp  for  a  number  of  suggestions,  and  to 
acknowledge  his  indebtedness  to  the  paper  cited  for  the  descriptive  data 
relating  to  the  mills. 

General  Conditions 
location 

The  town  of  Argostoli,  near  which  the  sea  mills  are  located,  is  situated 
on  the  southwest  side  of  Cephalonia,  an  island  some  20  miles  in  length 
lying  off  the  gulf  of  Patras,  on  the  west  coast  of  Greece.  Speaking  more 
exactly,  it  is  situated  on  the  inner  side  of  a  low,  narrow  peninsula  of 
limestone  projecting  northward  from  the  east  side  of  the  gulf  of  Argos- 
toli, and  forming  the  harbor  toward  which  the  town  faces.  The  two  sea 
mills  are  at  the  extremity  of  this  promontory,  about  a  mile  north  of  the 
town.  The  first  mill  to  be  seen  is  that  of  Doctor  Migliaressi,  established 
in  1859;  the  second,  erected  by  Mr  Stevens,  an  Englishman,  in  1835, 
is  a  quarter  of  a  mile  farther  on  and  near  the  end  of  the  point.  The 
mills,  when  in  operation,  took  their  power  from  undershot  wheels  driven 
by  a  current  of  salt  water  conducted  from  the  sea  by  an  artificial  channel. 
They  have  now  been  abandoned,  however,  for  some  time,  owing  to  the 
competition  of  larger  and  better  equipped  mills  elsewhere. 

NATURE  OF  THE  PHENOMENA 

Originally,  according  to  the  descriptions  of  Professor  D.  T.  Anstead 
in  his  book  on  the  Ionian  islands  (page  322),  the  sea  at  its  ordinary 
level  entered  the  land  at  four  points,  forming  a  narrow  creek  which 
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flowed  a  short  distance  in  a  broken  rocky  channel  before  being  absorbed 
by  the  limestone.  No  natural  streams  are  now  to  be  seen,  their  place 
being  taken  by  the  artificial  channels  leading  to  the  mills,  although,  ac- 
cording to  Crosby  and  Crosby,  absorption  continues  to  take  place  not  only 
over  the  whole  surface  between  the  two  mills,  but  also  along  the  coast  for 
nearly  half  a  mile,  the  water  everywhere  percolating  through  the  cracks 
and  fissures  of  the  limestone  and  sinking  into  the  earth.  Still  larger 
quantities  are  possibly  absorbed  from  the  surrounding  sea  bottom.  Nor 
is  the  phenomena  apparently  confined  to  Argostoli,  for  Reclus,  in  his 
volume  "The  Ocean,"  states  (page  146)  that  the  feature  may  be  observed 
at  various  points  on  the  coasts  of  calcareous  countries,  especially  on  the 
coasts  of  Greece  and  the  neighboring  islands.  The  volume  is  given  by 
Reclus  as  55  gallons  per  minute,  but  the  flow  taken  by  Crosby  and  Crosby 
for  their  calculations  is  about  33  gallons  per  minute.  The  latter,  how- 
ever, does  not  appear  to  be  based  on  actual  measurements.  When  the 
second  mill  was  built,  according  to  the  same  authorities,  the  power  of  the 
old  mill  diminished,  indicating  that  no  additional  water  was  being  taken 
from  the  sea,  from  which  it  is  concluded  that  the  entire  inflow  is  tribu- 
tary to  a  single  subterranean  channel.  The  artificial  fiumes  mentioned 
are  two  in  number,  4  to  6  feet  in  breadth,  and  slope  inland  to  pits  sunk 
in  the  limestone  beyond  the  mills,  the  bottoms  of  which  are  3  feet  or 
more  below  sealevel. 

TOPOGRAPHY  AND  GEOLOGY 

The  peninsula  which  has  been  mentioned  as  the  site  of  the  sea  mills 
is  composed  of  bluish-white  Cretaceous  limestone  nearly  destitute  of 
vegetation  and  with  a  rough  and  rugged  surface  due  to  differential  weath- 
ering. At  the  northern  extremity  of  the  promontory,  in  the  vicinity  of 
the  mills,  the  surface  is  low  and  flat,  but  gradually  rises  to  the  south- 
ward, reaching  a  height  of  200  or  300  feet  or  more  at  a  distance  of 
5  or  6  miles.  This  Cretaceous  limestone  appears  to  be  some  thousands 
of  feet  in  thickness,  and  forms  almost  the  entire  surface  of  Cephalonia, 
Zante,  and  other  neighboring  islands,  as  well  as  many  hundreds  of  square 
miles  on  the  mainland  to  the  east.  H.  E.  Strickland*  described  it  as 
"a  hard,  white  limestone,  abounding  in  faults  and  fractures,  as  well  as 
caverns,  subterranean  rivers,  and  thermal  and  mineral  springs."  Crosby 
and  Crosby  furi;her  state  that  limestone  caverns  are  numerous  throughout 
Cephalonia  and  some  deep  sinks  occur.  In  boring  a  well  at  Argostoli, 
about  a  mile  from  the  sea  mills,  a  cavern  200  feet  in  height  was  encoun- 


*  Proc.  Geol.  Soc.  London,  vol.  2,  1835,  p.  572. 
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tered  at  a  depth  of  225  feet,  or  well  below  the  level  of  the  surrounding 
sea  (P,  figure  2).  The  Cretaceous  limestones,  according  to  descriptions, 
appear  to  lie  on  ancient  crystalline  rocks. 

BPRINGS 

Inasmuch  as  the  water  entering  the  limestone  at  the  sea  mills  must 
reappear  at  the  surface  elsewhere — possibly  even  above  sealevel — the 
occurrence  of  springs  is  of  special  interest.  According  to  all  authorities, 
however,  there  are  no  saline  or  thermal  springs  on  the  island  of  Cepba« 
Ionia,  nor  on  the  adjacent  portions  of  the  mainland,  although  in  other 
parts  of  Greece,  especially  in  the  eastern  portion,  a  considerable  number 
of  bracki^b  springs  discharge  continuously  enormous  volumes  of  water,* 
but  they  do  not  appear  to  be  noticeably  thermal.  Thermal  springs  are, 
however,  found  at  a  number  of  points,  including  several  on  the  island  of 
Eubcea,  in  eastern  Greece. 

NATURE  OF  THB  FI88URB8 

The  water  at  the  sea  mills  seems  to  follow  enlarged  joint  cracks,  and  it 
is  probable  that  parts  of  the  deeper  passages  of  the  circulating  system  are 
of  the  same  origin.  Crosby  and  Crosby,  however,  lay  great  stress  on  the 
action  of  earthquakes.  These  are  very  numerous  and  of  great  severity, 
and  some  of  them  apparently  have  had  their  foci  at  no  great  distance 
from  Cephalonia.  Marked  Assuring  has  accompanied  several  of  the 
disturbances  elsewhere  in  Greece,  and  some  springs  have  ceased  to  flow, 
while  others  have  had  their  discharge  greatly  increased.  That  the  waters 
reach  considerable  depth  in  the  fissures  is  shown  by  the  temperatures, 
which  in  eastern  Greece  are  as  high  as  82°  centigrade  in  some  instances. 

Possible  Causes  of  Circulation 

underground  passagsa 

The  flow  at  the  sea  mills,  which  has  continued  for  an  unknown  period 
of  time — ^almost  certainly  for  several  centuries — is  far  too  great  for  re- 
moval by  evaporation,  chemical  combination,  or  even  physical  absorption 
by  pores  or  caverns  in  the  rocks,  and  the  constant  influx  can  only  be 
satisfactorily  explained  on  the  hypothesis  that  the  passage  into  which  the 
water  disappears  is  a  part  of  a  definite  circulatory  system  through  which 
the  water  passes  to  some  point  of  emergence,  which,  whether  it  be  above 

*  Crosby  and  Crosby :  Loc,  clt,  p.  18. 
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or  below  the  sea^  must  be,  from  the  hydrostatic  standpoint,  at  a  greater 
elevation,  since  the  head  at  the  mills  is  3  feet  below  sealevel. 

EFFECT  OF  TEMPERATURE 

In  order  that  circulation  may  be  established  through  the  agency  of  the 
interior  temperature,  unequal  heating  of  the  water  in  the  circulatory 
system  must  take  place.  This  might  result  from  a  relatively  strong 
application  of  heat  at  a  particular  point,  as  in  the  vicinity  of  an  igneous 
introsion,  or,  on  the  other  hand,  it  might  be  due  to  the  action  of  uniform 
heat  on  an  unsymmetrical  passage,  as  in  figure  1,  in  which  the  dotted 
line  represents  a  horizontal  isogeotherm.  In  igneous  intrusion  we  have  a 
possible  cause,  but  of  its  actual  existence  there  is  no  positive  evidence. 
The  horizontal  isotherm,  on  the  contrary,  is  the  normal  condition.  It  is 
evident  that  with  the  arrangement  shown  in  the  figure  the  water  in  the 


FiouBE  1. — CondiiionM  of  Thermal  Circulation  {Crosby  and  Crosby). 

long,  gently  inclined  arm  is  much  more  exposed  to  the  action  of  high  tem- 
peratures than  that  in  either  of  the  more  nearly  vertical  arms,  the  result 
being  to  decrease  its  density  until  movement  is  set  up  by  virtue  of  the  ex- 
cess of  pressure  of  the  colder  and  heavier  water  in  the  left  arm.  As  is 
pointed  out  by  Crosby  and  Crosby,  this  is  certainly  not  an  improbable  ar- 
rangement and  provides  the  mechanism  for  a  strong  circulation  of  water. 

EFFECT  OF  DILUTION 

Amount  of  dilution  necessary. — To  establish  circulation  without  the 
agency  of  heat,  a  slight  dilution  of  the  water  is  all  that  is  necessar}^ 
The  specific  gravity  of  the  sea  water  of  the  Mediterranean  is  1.03 ;  hence 
a  column  of  salt  water  100  feet  in  length  would  support  a  column  of 
fresh  water  103  feet  high.  Of  course,  the  existence  of  an  absolutely 
fresh  column  balanced  against  a  purely  salt  column  is  out  of  the  question 
in  a  circulation  system  of  the  Cephalonia  type ;  but  fortunately  such  con- 
ditions are  unnecessary,  for  even  with  a  dilution  of  only  10  per  cent  a 
depth  of  100  feet  would  give  a  working  head  of  .3  foot,  which  would  be 
6u£5cient  to  establish  the  conditions  for  circulation.     With  a  25  per  cent 
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dilution,  a  similar  working  head  might  result  from  a  depth  of  less  than 
50  feet,  while  with  50  per  cent  dilution  only  25  feet  would  be  necessary. 

For  the  production  of  circulation  by  differences  in  density  due  to 
dilution,  no  particular  arrangement  of  the  fissures  is  necessary  and  no 
great  depth  is  required,  it  being  possible  with  a  dilution  of  25  per  cent 
to  develop  a  head  sufficient  to  produce  circulation  at  a  depth  of  less  than 
50  feet,  or  entirely  above  the  zone  controlled  by  interior  temperatures. 

Inevttableness  of  dilution. — The  studies  of  the  waters  of  deep  mines 
and  tunnels  on  the  one  hand  and  of  the  underground  waters  in  sediment- 
ary rocks  as  developed  by  deep  borings  on  the  other  tend  to  show  that, 
except  in  the  case  of  dense  and  fracture-free  rocks,  all  formations  are 
commonly  saturated  from  the  water  table  down  to  considerable  depths, 
the  water  movement,  according  to  the  laws  of  underground  waters, 
which — ^thanks  to  King,  Slichter,  and  others — ^are  almost  as  well  known 
as  those  of  surface  streams,  bein^  toward  the  lowest  point  of  possible 
leakage,  which  in  the  case  of  Cephalonia  must  be  toward  the  sea.  Cav- 
ernous limestones  are  no  exceptions  to  the  rule  of  saturation,  nor  to 
the  normal  seaward  movement  of  the  water,  and  there  is  little  reason  tx> 
doubt  that  the  rock  passages,  with  which  the  Cephalonia  limestone 
abounds,  are  filled  in  a  largre  measure  with  fresh  waters  moving  toward 
the  sea.  The  prevalence  of  this  movement  near  the  sea  mills  is  rendered 
more  probable  by  their  position  near  the  apex  of  a  large  reentrant  bay, 
the  gulf  of  Argostoli,  toward  which  the  subterranean  as  well  as  the  sur- 
face drainage  would  naturally  tend  to  converge.  Besides  this  under- 
ground drainage  from  the  land,  considerable  amounts  of  fresh  water 
must  reach  the  subterranean  passages  through  sinks,  joints,  or  crevices, 
which  are  a  characteristic  feature  of  the  limestone  in  the  immediate 
vicinity,  the  rugged  fissured  surface  of  which  has  already  been  noted. 
Not  only  is  there  in  all  probability  a  considerable  circulation  through 
the  limestone,  but  there  is  reason  to  believe  that  the  network  of  passages 
18  so  complete  that  the  dilution  of  any  salt  water  entering  the  rock  is  in- 
evitable. Besides  the  bedding  and  joint  planes,  which  doubtless  deter- 
mined the  location  and  controlled  the  formation  of  many  of  the  passages, 
there  are  many  indications  that  earthquakes  have  done  much  to  unite 
them  into  a  connected  system  of  openings.  Elsewhere  in  Greece  earth- 
quake shocks  have  produced  far-reaching  effects  upon  the  underground 
drain p ore,  old  springs  being  destroyed  in  some  cases  and  doubled  in  vol- 
ume in  others :  new  springs  have  broken  out,  and  the  waters  of  old  springs 
have  rhanered  in  character  and  temperature.  The  Cephalonia  region  is 
likewise  one  of  violent  earthquakes,  some  of  disastrous  severity  having 
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been  felt  in  very  recent  years^  and,  although  full  data  are  not  at  hand,  it 
is  more  than  probable  that  fractures  have  been  produced  by  these  or 
similar  shocks  in  the  past.  These  can  not  fail  to  be  of  importance  in 
comiecting  the  solution  passages  with  one  another.  The  intimate  con- 
nection of  the  passages,  making  to  all  practical  purposes  a  network,  has 
been  brought  out  at  several  points  in  this  coimtry  by  the  experiments 
made  for  the  United  States  Geological  Survey  by  S.  W.  McGallie  at 
Quitman,  Georgia;  by  E.  H.  Sellards  at  Ocala,  Florida,  and  by  G.  C. 
Matson  at  Georgetown,  Kentucky,  at  each  of  which  localities  salt  in- 
serted into  sinks  or  borings  found  entrance  into  wells  some  distance 
away.  In  none  of  the  instances,  however,  was  the  movement  direct  from 
the  point  of  insertion  to  the  well,  for  the  salinity,  instead  of  increasing 
enormously,  as  it  would  have  done  if  such  had  been  the  case,  showed  only 
relatively  moderate  fluctuations.  The  three  limestones,  although  of 
widely  different  types,  showed  the  same  phenomena  in  each  case,  suggest- 
ing that  it  is  a  normal  characteristic  of  this  class  of  rocks. 

If  such  a  network  of  passages  exists  at  Argostoli,  as  in  all  probability 
it  does,  it  follows  that  it  would  be  practically  impossible  for  a  single 
passage  bearing  the  water  to  maintain  an  independent  existence  to  any 
considerable  depth.  The  encountering  of  fresh  water  passages  under 
such  conditions  and  a  mixing  of  the  waters  seems  inevitable. 

Conditions  of  dilution. — ^When  the  salt  and  fresh  waters  meet,  one  or 
the  other  of  two  things  will  happen :  Either  the  salt  water  will  be  forced 
upward  by  a  longer  column  of  fresh  water  or  the  fresh  water  will  be 
forced  back  by  the  salt.  Which  of  the  two  occurs  will  depend  on  the 
relative  heads  of  the  salt  and  fresh  waters.  In  this  connection  it  should 
be  noted  that  the  phenomena  of  the  sea  mills  is  one  occurring  at  the 
borders  of  the  sea  toward  which  the  underground  waters  are  moving  and 
which  marks  their  points  of  escape.  From  this  it  follows,  in  accordance 
with  well  known  laws  of  artesian  circulation,  that  the  head  of  the  fresh 
water  will  be  very  low  at  this  point,  even  if  the  original  source  is  in  re- 
gions of  considerable  elevation.  Under  such  conditions  and  with  the 
juncture  of  the  fresh  and  salt  water  passages  occurring  at  a  depth  of  a 
few  hundred  feet,  the  weight  of  the  salt  water  may  easily  be  such  as  to 
counterbalance  the  head  of  the  fresh  water  column. 

The  supposed  conditions  of  circulation  can  be  better  shown  by  the  aid 
of  the  following  diagram  (figure  2)  than  by  extended  description.  In 
the  figure  SM  shows  the  situation  of  the  sea  mills ;  P,  the  trunk  subter- 
ranean channel  fed  by  crevices ;  the  vertical  lines  at  P,  the  well  at  Argos- 
toli ;  M,  the  mainland  of  the  island  of  Cephalonia  from  which  the  water 
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latter  may  not  be  considerably  longer,  as  would  naturally  be  the  case  if 
derived  from  the  highlands  of  the  mainland.  This  point  is  brought  out 
by  figure  3,  which  shows  a  circulatory  system  in  which  F  is  the  fresh 
is  presumably  derived,  and  S,  the  silts  which  prevent  communication  with 
the  sea.*  In  order  that  the  salt  water  may  commingle  with  the  fresh,  it 
must  have,  as  just  indicated,  a  weight  at  least  equal  to  that  of  the  fresh 
water,  although  this  does  not  mean  that  the  length  of  the  column  of  the 


PiouRa  2. — Diagram  showing  supposed  Conditions  of  Circulation  at  the  Bea  Mills  of 

CephmUmi4i. 

water  column,  103  feet  in  height  and  rising  3  feet  above  the  salt  water 
inlet;  S,  the  salt  water  column,  100  feet  in  height,  and  M,  the  mixed 
column.  Under  such  conditions  the  waters  would  mix  in  equal  propor- 
tions (50  per  cent  dilution  of  the  salt  water),  giving  to  the  outlet  column 
(M)  a  head  of  IV^  feet,  or  more  than  enough  to  establish  the  conditions 
essential  for  circulation.  With  a  salt  column  1,000  feet  in  height,  the 
fresh  column  would  be  1,030  feet  and  the  mixed  1,015  feet  in  height. 
If  the  fresh  water  column  is  of  greater  weight  than  the  salt  water  col- 
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FiouRi  3. — Conditions  of  Head  in  Circulation  System  vHth  fresh   (F),  ealt   (8),  and 

mi^ed  (M)  Columns. 

umn,  the  water  of  the  latter  will  be  forced  back  and  a  spring  result.  If, 
however,  the  salt  water  column  is  heavier  than  the  fresh  water,  the  latter, 
having  no  outlet,  will  tend  to  rise  until  its  pressure  so  nearly  approaches 
that  of  the  salt  water  column  that  intermixture  begins.  Once  started, 
the  circulation  is  facilitated  by  the  lower  density  of  the  resulting  mixture, 


*  In  order  to  show  the  Rupposed  conditions  by  a  single  section,  certain  generalizations 
were  necessary.  In  reality  M.  P.  and  SM  are  not  In  a  straight  line,  the  direction  from 
M  to  P  being  southeast  and  northwest,  while  that  from  P  (Argostoll)  to  8M  (at  the 
northern  end  of  the  peninsula)  is  considerably  more  northerly. 
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and  will  continue  as  long  as  the  pressure  of  the  fresh  water  column  is  not 
in  excess  of  that  of  the  salt  water. 

Under  normal  conditions,  when  the  pressures  are  approximately  in 
equilibrium,  a  50  per  cent  dilution  of  the  salt  water  will  result  if  the 
passages  are  of  the  same  size.  It  may  be  conceived,  however,  that  the 
fresh  water  channel  is  only  half  the  size  of  that  of  the  salt  water,  in 
which  case,  although  the  pressures  might  be  in  equilibrium,  the  mixture 
would  no  longer  be  composed  of  equal  volumes  of  the  two,  but  of  f  salt 
water  to  i  fresh  water.  With  a  large  fresh  water  passage  and  a  small 
salt  water  passage,  the  reverse  would  be  true. 

The  point  of  emergence  has  much  to  do  with  the  nature  of  the  circula- 
tion. Strange  as  it  may  seem  at  first  sight,  an  outlet  above  the  level  of 
the  sea  is  more  favorable  than  one  considerably  below  it.  The  conditions 
may  perhaps  be  made  more  clear  by  reference  to  figure  3.  In  this  figure 
the  outlet  is  indicated  as  occurring  at  a  point  above  the  level  of  the  sea 
under  conditions  where  the  full  benefit  of  the  low  weight  of  the  diluted 
column  is  obtained.  If,  instead  of  this  arrangement,  the  outlet  in  the 
same  system  were  as  low  or  lower  than  the  bottom  of  the  salt  water  inlet 
column  (S),  the  downward  pressure  of  the  sea  on  the  outlet  would  be 
greater  than  that  in  the  underground  channel  and  no  flow  would  result. 
It  is  apparent,  therefore,  that,  inasmuch  as  the  weight  of  the  fresh  water 
column  (F)  can  not  be  greater  than  the  salt  water  column  (S)  except 
where  the  outlet  is  hydrostatically  lower  than  either,  the  circulation  sys- 
tem at  Cephalonia  must  in  all  probability  terminate  at  or  near  sealevel. 

It  has  been  suggested  to  the  writer  that  an  inflow  of  the  Cephalonia 
type  should,*  under  the  dilution  hypothesis,  vary  with  seasonal  changes 
of  the  fresh  water  supply.  In  reality  deep  seated  waters  almost  nowhere 
show  any  material  variation  with  seasons,  the  fluctuations  being  prac- 
tically limited  to  the  upper  part  of  the  unconfined  surface  body  of 
ground  water.  As  long  as  the  head  of  the  salt  water  column  equals  or 
exceeds  that  of  the  fresh,  as  it  must  in  order  that  circulation  may  exist, 
it  will  control  the  circulation  and  no  variation  will  be  noted. 

An  alternative  hypothesis  which  has  also  been  suggested  to  the  writer 
assumes  the  influx  of  the  salt  water  to  be  due  to  suction,  the  action  being 
analogous  to  the  indraft  of  air  produced  by  the  water  jet  in  the  Eichards 
suction  apparatus  of  our  chemical  laboratories  or  to  that  produced  by  the 
steam  jet  in  boiler  inj'ectors.  The  former  process  is  known  to  produce 
a  strong  and  continuous  suction  of  air  in  some  cases,*  but  the  conditions 


*  U.  Lu  FnUer :  Indraft  wells  In  soutliern  Georgia.     Science,  new  series,  vol.  23.  1006, 
p.   140. 
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of  the  latter  are  not  likely  to  be  duplicated  in  nature.  The  hypothesis 
appears  to  be  untenable  as  an  explanation  of  the  circulation  at  Cephalonia 
for  the  following  reasons:  (1)  Air  currents  of  any  strength  in  under- 
ground passages  must  be  the  result  of  water  movements  rather  than  vice 
versa,  so  that  even  if  air  were  present  no  suction  giving  rise  to  an  indraft 
of  water  could  be  produced;!  (2)  the  underground  passages  below  the 
sea  or  ground-water  level  are  necessarily  completely  filled  with  water, 
thus  precluding  the  existence  of  air  other  than  as  an  included  gas  in- 
capable of  producing  currents;  (3)  no  high  velocities  are  possible  in 
underground  passages  below  the  water  table,  where,  as  at  Cephalonia, 
only  moderate  heads  are  available;  and  (4)  the  postulated  suction  can 
not,  according  to  the  laws  of  hydrostatics,  take  place  between  two  liquids 
like  those  at  Cephalonia,  which  have,  as  has  been  pointed  out,  substan- 
tially equal  heads. 

Source  of  water. — ^If  the  depth  at  which  the  commingling  of  salt  and 
fresh  waters  takes  place  were  known,  an  estimate  of  the  head,  and  indi- 
rectly of  the  source  of  the  fresh  waters,  could  be  made.  The  point  of 
union  apparently  can  not  be  excessively  deep,  as  the  limestone  is  probably 
not  over  a  few  thousand  feet  thick.  It  is  probable  that  the  water  comes 
from  the  island  itself,  most  likely  within  a  few  miles  of  the  sea  mills, 
rather  than  from  the  mainland,  some  30  miles  away. 

Point  of  emergence. — It  is  a  matter  of  observation  that  there  are  no 
large  saline  springs  near  at  hand,  either  on  Cephalonia,  Zante,  or  on  the 
adjacent  portions  of  the  mainland,  making  it  almost  certain  that  the  out- 
let is  at  some  point  beneath  the  sea.  If  the  outlet  were  in  very  shallow 
water,  near  shore,  it  could  hardly  have  escaped  recognition.  As  has  been 
pointed  out,  however,  the  weight  of  the  overlying  body  of  sea  water  will 
oppose  the  emergence  of  the  mixed  column  if  the  outlet  is  below  sealevel, 
the  pressure  to  be  overcome  by  the  latter  being  equivalent  to  1%  feet  of 
its  head  for  every  100  feet  of  depth  of  the  sea.  If,  therefore,  as  is  usually 
the  case,  the  head  of  the  underground  water  at  the  coast  is  low,  it  will 
follow  that  the  point  of  emergence  can  be  at  no  great  depth  and  probably 
at  no  great  distance  from  the  sea  mills. 

RELATTVB  00MPBTBN07  OP  TEMPERATURE  AND  DILUTION 

Something  of  the  relative  competency  of  temperature  and  dilution  has 
been  indicated  in  the  course  of  the  foregoing  description,  but  it  is  more 
forcibly  brought  out  by  ,the  following  table : 

t  Air  currents  sucb  as  tbose  flowing  In  and  out  of  caves  are  too  feeble  to  produce  any 
material  suction. 
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lahU  showing  Lengths  of  diluted  and  heated   Columns  under  varying  Conditions  of 

DUuHon  and  Temperature, 
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Attention  is  called  to  a  few  significant  points  brought  out  by  the 
table.  For  instance^  it  appears  that  a  50  per  cent  dilution  of  a  salt 
water  column  at  63**  Fahrenheit  (the  mean  temperature  of  Argostoli) 
will  increase  its  head  li^  feet  for  the  first  100  feet,  while  the  increase 
due  to  1**  difference  of  temperature  is  only  1/100  of  a  foot,  or  1/160  of 
the  difference  d\ie  to  dilution.  Again,  the  increased  head  due  to  a  50 
per  cent  dilution  in  a  2,000-foot  colunm  is  30  feet,  while  the  temperature 
increment  (between  64**  and  84**)  is  only  about  by^  feet,  and  so  on. 
The  table  also  brings  out  the  fact  that  to  bring  about  a  flow  at  sealevel, 
it  being  recalled  that  the  inlet  is  some  3  feet  below  sealevel,  a  depth  of 
1,600  feet  is  required  on  the  temperature  hypothesis,  while  on  the  dilu- 
tion hypothesis  only  200  feet  is  necessary. 


Conclusions 

The  constant  influx  of  salt  water  at  Cephalonia  is  unique,  being  dupli- 
cated, so  far  as  authentically  reported,  at  no  other  point  in  the  world. 
It  is  not,  therefore,  to  be  expected  that  simple  conditions,  such  as  might 
be  reproduced  at  numerous  points,  will  be  found  to  exist  at  the  sea  mills, 
for  otherwise  the  phenomena  would  be  almost  certain  to  be  found  else- 
where. It  does  not  follow,  however,  that  because  some  of  the  attendant 
conditions  are  peculiar  to  the  Cephalonia  locality  that  the  ultimate 
causes  are  not  of  a  simple  and  commonly  recognized  type.  Both  temper- 
ature and  dilution  appear  to  be  fully  competent  to  produce  circulation  of 
the  kind  observed  at  Cephalonia,  but  each  requires  the  existence  of  cer- 
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tain  special  conditions  without  wbich  it  can  not  act.  In  the  case  of  the 
first,  either  an  nnsjmmetrical  passage  of  a  form  specially  adjusted  to 
the  dcTelopment  of  a  higher  temperature  in  the  outlet  than  in  the  inlet 
arm,  or  an  unequal  distribution  of  heat,  is  necessary,  while  in  the  second 
the  heads  of  the  fresh  and  salt  columns  must  be  essentially  balanced. 
From  the  underground  water  standpoint  neither  supposition  is  inher- 
ently improbable.  Temperature  can  hardly  fail  to  act  if  the  water 
reaches  to  any  considerable  depth,  while  dilution  may  be  a  factor  at  any 
depth.  The  writer  belicTes  that  such  dilution  is  inevitable,  and  that 
while  the  heat  hypothesis  is  by  no  means  improbable,  that  of  dilution 
is  to  be  r^arded  as  a  possible  alternative.  If  dilution  occurs  at  all,  it 
will  of  necessity  be  several  times  as  effective  as  heat. 
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Usual  Arguments  for  Antiquity  of  present  Ocean  Basins 

• 

The  doctrine  that  the  present  ocean  basins  came  into  being  at  an  early 
stage  of  the  earth's  history  we  owe  especially  to  James  D.  Danaf  and 
Charles  Darwin,!  though  there  have  been  many  followers.  The  facts 
and  supposed  facts  on  which  this  theory  was  founded  have  for  the  most 
part  either  been  modified  or  given  a  different  interpretation  during  the 
time  which  has  since  elapsed.  Moreover,  the  new  seismology — the  study 
of  earthquakes  from  a  distant  station — seems  now  to  be  furnishing  new 

•  Manuscript  received  by  the  Secretary  of  the  Society  March  2,  1907. 

t  Am.  Jour.  Set.  (2),  toI.  2,  1846,  p.  352.     Manual  of  Geology,  sixth  ed.,  pp.  816-817. 

t  Origin  of  Species,  first  ed.,  p.  343. 
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and  valuable  data  for  a  solution  of  the  question  of  age  of  the  present 
ocean  depressions.  Many  of  the  arguments  once  urged  in  support  of  the 
antiquity  of  the  present  basins,  interpreted  in  the  clearer  light  of  today, 
inveigh  against  it.  These  arguments  have  perhaps  nowhere  been  better 
stated  than  in  the  anniversary  address  of  the  late  Professor  W.  T.  Blaa* 
ford  before  the  Geological  Society  of  London.* 
The  arguments  for  the  permanency  of  the  present  ocean  basins  are : 

I.  The  supposed  absence  of  continental  rock  types  from  oceanic  islands, 
thus  allowing  it  to  be  inferred  that  the  ocean  bottom,  like  the  islands 
themselves,  is  composed  of  heavier  volcanic  rock. 

II.  The  abnormal  gravity  values  obtained  in  pendulum  observations 
made  within  the  infra-continental  zones  and  supposed  to  be  influenced 
by  a  heavier  stratum  of  rock  which  occupies  the  ocean  floor. 

III.  The  general  absence  of  typical  deep-sea  deposits  from  the  conti- 
nental areas. 

IV.  The  supposed  restriction  of  related  faunas  and  floras  to  the  same 
continent. 

Supposed  Absence  op  continental  Eocks  from  oceanic  Islands 

As  regards  the  first  mentioned  argument,  more  non-volcanic  oceanic 
islands  have  been  explored  since  the  doctrine  was  first  brought  forward, 
and  there  have  been  discovered  in  the  lavas  of  oceanic  islands  inclosures 
of  rocks  belonging  to  the  continental  types;  which  discoveries  have  re- 
moved much  of  the  force  of  the  argument. 

Most  of  these  oceanic  islands  project  above  the  surface  of  the  sea  as  the 
upper  parts  of  the  highest  volcanic  accumulations.  Examination  of  vol- 
canic districts  upon  the  continents  speaks  for  a  basement  of  non-volcanic 
material.  Should  the  cinders  be  largely  submerged  the  high  volcanic 
peaks  would  be  the  only  parts  exposed  above  the  sea. 

Abnormal  Gravity  within  infra-continental  Belts 

The  writer  has  elsewheref  drawn  attention  to  the  many  cases  in  which 
derangement  of  the  gravity  constants  appears  to  be  associated  with  earth- 
quake zones  and  dislocation  belts  and  the  way  in  which  this  phenomenon 
appears  to  be  related  to  magnetic  disturbances.  If  it  be  true  that  the 
crust  adjusts  itself  to  the  secular  cooling  in  compartments  bounded  by 
faults  (which  occasionally  are  laid  bare  at  the  surface),  and  if,  further, 
it  be  true  that  the  dense  core  of  the  lithosphere  (specific  gravity,  5.6)  is 

•  Quart  Jour.  Geol.  Soc,  vol.  46,  1890,  pp.  60-110. 

t  Oerland's  BeitrUge  zur  Gcophyslk,  vol.  8,  1006,  heft  2,  pp.  271-277. 
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separated  from  the  surface  by  only  a  few  miles  of  the  much  lighter  crust 
(specific  gravity,  2.7),  then  any  considerable  vertical  adjustment  of  adja- 
cent blocks  should  disturb  the  gravity  constants  for  points  located  near 
the  bounding  faults.  In  Italy  especially  has  a  fourfold  correspondence 
of  earthquake  districts,  fault  zones,  zones  of  abnormal  gravity,  and  ab- 
normal earth  magnetism  been  established.*  There  is  in  this  an  ade- 
quate explanation  of  the  abnormal  values  of  gravity  within  the  infra- 
continental  zones,  if  it  be  true  that  the  ocean  basins  be  bounded  by 
dislocations  on  which  large  movements  have  occurred,  f  An  extended 
questionnaire  by  Milne  has  further  shownj  that  of  the  earthquake  sta- 
tions supplied  with  magnetometers  whose  work  is  correlated  imder  the 
British  Association,  magnetometers  are  chiefly  disturbed  where  the 
gravity  constants  show  abnormal  values.  Since  1888  continuous  ob- 
servations with  magnetic  instruments  have  been  made  in  Japan,  and  since 
1898  at  five  stations  well  distributed  over  the  country.  On  several  occa- 
sions  magnetic  disturbances  seem  to  have  preceded  or  accompanied  earth- 
qnake8.§  It  has  been  shown  that  the  depth  or  height  from  the  station  of 
the  source  of  the  disturbance  is  small  compared  to  the  distance  between 
the  stations. 

General  Absence  of  deep-sea  Deposits  from  continental  Areas 

The  Challenger  observations  have  satisfactorily  explained  this  by  show- 
ing that  no  deposits  are  now  forming  over  large  areas  of  the  sea-floor, 
save  only  the  red  clay,  which  is  probably  largely  of  meteoric  origin. 
Corroded  teeth  of  an  extinct  species  of  shark  have  been  dredged  up  from 
great  depths,  and  show  that  for  ages  no  deposits  have  there  formed  of 
sufficient  thickness  to  entomb  them. 

Significance  of  faunal  and  floral  Distribution 

It  is  the  fourth  of  the  arguments  urged  in  support  of  the  antiquity  of 
the  ocean  basins,  namely,  the  restriction  of  related  faunas  and  floras  to 
the  same  continent,  which  especially  needs  revision  for  the  Tertiary  and 
later  periods.  In  the  language  of  Blanford,||  "If  we  wish  to  know  any- 
thing about  ancient  distribution  of  land  and  sea,  we  must  scrupulously 

*  a.  RIcco  :  Comptes  Rendus   Acad.  Sci.,  Paris,  vol.  137,  1003,  p.  827. 
t    See  On  some  principles  of  seismic  geology.     Beltrftge  zur  Geopbyslk,  vol.  8,  1907, 
cbftp.  ylli. 

t  John  Milne :  The  Geographical  Journal,  London,  1903,  pp.  16-18. 

f  Klkuchi :  Recent  seismologlcal  investigations  in  Japan.     Pub.  B.  I.  C,  foreign  lan- 
gutLgcB,  no.  19,  1904,  pp.  80-81. 

I  lioc  dt.,  p.  84. 
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ignore  the  records  of  a  later  state  of  things.    Before  we  read  the  old 
palimpsest  we  must  clear  away  all  traces  of  the  modem  inscription." 

Former  intercontinental  Begions 

To  cite  an  example  in  which  a  reyision  of  the  argument  for  perma- 
nency would  be  necessary,  a  region  may  be  selected  which  the  writer  has 
found  some  opportunity  to  examine.  At  many  localities  in  Malta,  Sicily, 
and  upon  the  peninsula  of  Italy,  eren  as  far  north  as  the  Alps,  there  are 
found  the  abundant  remains  of  a  typically  African  fauna,  which  includes 
elephants,  hippopotamuses,  hyenas,  etcetera,  forms  which  lived  and  died 
in  intimate  association  with  a  fauna  like  that  of  southern  Europe  today. 
A  study  of  this  region  affords  evidence  in  the  structure  of  its  shores  that 
the  continental  bridge  which  once  joined  southern  Europe  to  Africa  was 
destroyed  in  late  Tertiary  time  through  the  depression  of  its  greater  por- 
tion to  depths  ranging  from  3,000  to  12,000  feet  below  the  present 
surface  of  the  Mediterranean,  leaving  only  the  present  peninsulas  and 
islands  as  remnants.  That  this  movement  is  not  yet  completed  the  fre- 
quent and  disastrous  earthquakes  of  the  region  may  indicate. 

A  second  striking  illustration  of  the  importance  of  zoogeographic 
studies  interpreted  in  the  light  of  organic  evolution  is  furnished  by 
Scott^s*  investigations  of  the  specimens  collected  in  Patagonia  by  the 
late  Professor  Hatcher.  The  presence  there  in  Tertiary  time  of  a  defi- 
nite fauna  of  the  Australian  and  Tasmanian  types  is  thus  proven,  and 
shows  clearly  that  a  land  connection  bet\i'een  South  America  and  Aus- 
tralia must  have  existed,  though  considerable  ocean  depths  now  separate 
the  two  continents. 

Some  of  the  other  areas  which  zoogeographers  have  with  more  or  less 
persistence  asserted  were  in  geologically  recent  times  connected  are: 

1.  North  and  South  America  through  the  "Antillean  continent.*' 

2.  New  Zealand  and  Australia,  separated  by  depths  of  6,000  to  12,000 
feet,  for  which  connection  in  Cretaceous  time  is  indicated. 

3.  The  Solomon  islands  and  New  Guinea,  separated  by  depths  of  2,400 
to  3,000  feet,  for  which  bridging  in  Tertiary  times  is  indicated. 

4.  Madagascar  and  Africa,  separated  by  depths  of  6,000  feet  and  more 
almost  throughout  the  250  miles  of  breadth  of  the  Mozambique  channel, 
which  was  certainly  bridged  in  Middle  Tertiar}-  time. 

5.  Madagascar  and  India,  separated  today  by  depths  of  15,000  feet, 
probably  bridged  in  Tertiary  time,  when  with  much  probability  they  had 
also  a  continental  connection  with  Australia  as  a  part  of  the  "Qondwana 
land'*  of  Suess. 

•  W.  B.  Scott :  Geological  Magazine,  vol.  7,  December  4,  1900.  pp.  470-471. 
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6.  South  Africa  and  eastern  South  America,  separated  by  depths  in 
excess  of  10,000  feet. 

These  contentions  of  zoogeographers  have  been  quite  generally  opposed 
by  geologists,  who,  following  the  views  of  Lyell,  have  found  the  demands 
too  great  for  their  acceptance.  The  new  science  of  comparative  geology, 
however,  of  which  Professor  Suess  is  the  distinguished  foimder  and  head, 
is  now  coming  to  the  support  of  zoologist  and  botanist;  so  that  it  is  now 
pertinent  for  geologists  to  inquire  concerning  those  regions  which  have 
intimately  related  faunas  or  floras  and  are  today  separated  by  ocean  bar- 
riers, how  the  geological  formations  and  their  disposition  may  be  com- 
pared for  the  two  shores,  whether  mountain  ranges  are  abruptly  termi- 
nated at  the  coasts,  and  whether  there  are  other  evidences  of  marginal 
faults  or  scarps  on  or  near  the  coast. 

Katzer,  from  studies  in  Brazil,*  has  shown  the  probability  that  in 
Middle  Devonian  time  the  greater  part  of  the  area  of  South  America  was 
occupied  by  a  moderately  deep  sea  inclosed  between  continents  on  the 
northeast  (beginning  in  Guiana)  and  southwest,  which  latter  may  pos- 
sibly have  extended  from  western  Chile  and  Patagonia  westward  over  a 
part  of  the  present  Pacific  ocean  to  south  Georgia.  This  South  Pacific 
continent  has  constantly  increasing  significance  in  post-Devonian  time. 
To  this  view  Mawsonf  has  contributed  by  showing  that  the  discontinuity 
of  the  great  fold  chains  of  the  South  Pacific  island  groups  concentrically 
arranged  about  the  Australian  continent  is  chiefly  to  be  ascribed  to 
Ordben  faulting,  in  which  the  land  areas  have  risen  simultaneously  with 
the  sinking,  to  form  the  sea  floor.  Terraced  coralliferous  limestones  are 
found  at  elevations  of  several  hundred  feet  (620  feet  in  one  instance) 
and  the  drop  near  the  shore  amounts  to  3,000  feet. 

Since  Tertiary  time  it  can  be  shown  that  Australia  has  been  connected 
with  many  of  the  now  isolated  islands  of  the  Indian  ocean.J 

The  connection  of  South  America  with  Africa  through  Ascension, 
Saint  Paul  rocks,  and  Tristan  da  Cunha,  Schwarz  makes  very  probable 
by  several  lines  of  evidence,  one  of  which  is  the  discovery  of  rocks  of 
continental  type  inclosed  in  the  lavas  of  the  volcanic  islands.§ 

On  the  northern  border  of  this  Africo-Brazilian  continent,  within  the 

*  Dr  rrledrlch  Katier :  Grundztige  der  G^ologie  des  unteren  Amazongebietes,  Leipzig, 
1903,  pp.  1-296,  map.  See  also  review  by  Schuchert,  Journ.  Geo!.,  vol.  14.  1906,  pp. 
722-746. 

t  D.  Mawson :  The  geology  of  the  New  Hebrides.  Proc.  LlnoR'an  Soc.  New  South 
Wales,  vol.  30.  pt.  HI.  1905.  pp.  400-484.  pis.  14-29. 

t  Wallace:  Geographical  distribution  of  animals,  vol.  2.  The  Australian  region,  pp. 
387-485. 

f  Ernest  H.  L.  Schwarz :  The  former  land  connection  of  Africa  and  South  America. 
Jonmal  of  Geology,  vol.  14,  1906,  pp.  81-90. 
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area  of  the  intercontinental  sea,  we  find  Barbadoe,  a  small  isolated  block 
with  deep-sea  radiolahan  ooze  resting  on  sandstone,  clay,  and  coal  of 
Tertiary  age  and  indicating  a  change  of  level  since  Tertiary  time  of  about 
6,000  feet.^ 

Symmetet  about  the  North  Atlantic 

It  is  also  quite  recently  that  Suess  has  expressed  the  view  that  the 
North  Atlantic  was  formed  as  the  result  of  depression  on  lines  of  dis* 
location  along  its  borders.  His  earlier  studies  on  interrupted  zones  of 
folding!  had  shown  that  three  great  folded  arcs  may  be  traced  from  east 
to  west  across  Europe,  though  they  are  now  present  in  isolated  fault- 
bounded  remnants  only  (such,  for  example,  as  the  Black  forest,  Vogesen, 
Thuringian  forest,  Morvan) — ^the  Caledonian,  Armorican,  and  Alpine 
arcs.  These  studies  were  in  1898  extended  J  so  as  to  include  the  Amer- 
ican as  well  as  the  European  side  of  the  Atlantic.  It  is  shown  that  in 
Europe  the  Armorican  folds  and  the  Hebrides,  composed  of  ancient 
crystalline  rocks,  appear  to  be  but  the  eastern  ends  of  much  larger 
masses,  and  it  is  suggested  that  under  the  northern  portion  of  the  Atlan- 
tic ocean  an  Archean  r^on  is  buried,  and  farther  south  a  folded  arc  on 
which  the  Upper  Carboniferous  rests  unconformably. 

"It  is  a  very  remarkable  fact  that  the  east  coast  of  North  America  actually 
corresponds  to  these  assnmptions.  Here,  with  the  exception  of  some  possibly 
Caledonian  stretches,  there  appear  bat  two  tectonic  elements,  and  they  possess 
essentially  the  properties  characteristic  of  d  (Armorican  folds,  Ed,)  and  / 
(Hebrides,  Ed,).  They  are  separated  by  the  straits  of  Belle  isle  and  the  lower 
coarse  of  the  Saint  Lawrence. 

"To  the  north  lies  the  broad  Lanrentian  Archean  mass,  the  Canadian  shield, 
which  extends  beneath  the  horizontal  Paleozoic  sediments  of  the  Arctic- 
American  archipelago,  probably  far  toward  the  pole  and  reaching  over  also  to 
Greenland. 

"To  the  sonth  of  it,  in  the  Rias  coasts  of  Newfoundland,  Nova  Scotia,  and 
New  Brnnswiclc,  rises  a  folded  range  with  discordantly  transgressing  Upper 
Oarbonlferons,  which  carries  the  marks  of  the  western  continnatlon  of  a  great 
folded  zone  with  the  same  clearness  that  in  Ehirope  the  Armorican  zone  bears 
of  an  eastern  end." 

James  Perrin  Smith  has  called  attention  to  the  fact  that  in  Cretaceous 
and  Eocene  time  the  Atlantic  shore  American  fauna  had  many  species, 

*  W.  T.  Blanford :  AnniTcrsary  address  of  the  President  of  the  Geologieal  Society  of 
London.     Quart  Joar.  Geol.  Soc,  vol.  46,  1800,  pp.  50-110. 

t  Bd.  Sness:  Ueber  anterbrochene  Gebirgsfaltung.  Sltzungsb.  d.  k.  Akad.  d.  Wlaa.  a. 
Wlen,  TOl.  04,  1886,  AMh.  I.  pp.  111-117. 

t  Ed.  Suess :  Ueber  die  Asymetrie  der  nSrdlichen  Halbkugel,  Ibid.,  vol.  107,  1898. 
Abth.  I,  pp.  80-102. 
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and  most  of  the  genera  were  those  of  the  West  European  Cretaceous  beds, 
indicating  inter-migration  along  a  submerged  near-shore  shelf.* 
The  general  conclusi6n  reached  by  Suess  is  as  follows : 

"As  regards  the  oft-discussed  question  of  tlie  permanence  of  the  continents 
and  the  oceans,  one  perceives  the  following:  Individual  folded  zones  become 
broken  and  divided  into  horsts,  and  younger  folds  develop  in  the  horsts.  The 
position  of  the  region  of  recession  and  transgression,  as  well  as  the  arrange- 
ment of  the  surface  tensions  (which  find  expression  in  t^e  axes  of  the  folds) 
within  the  northern  hemisphere,  has  in  its  main  lines  remained  the  same  since 
Cambrian  time — ^that  is,  from  the  existence  of  the  oldest  recognized  traces  of 
organic  life  down  to  the  present  day.  A  similar  degree  of  permanence  has  not 
characterized  the  oceans.  During  this  time  through  depression  new  oceans 
have  been  formed,  whose  succession  in  age  is  stamped  in  the  transgressions. 
Other  oceans  have  disappeared  in'  part  in  consequence  of  the  new  depressions 
themselves,  and  in  part  through  the  pushing  up  of  new  zones  of  folding  in  ac- 
cordance with  the  old  plan. 

'Thus  the  margins  of  the  continents  <iud  oceans  change  in  spite  of  the  con- 
tinuity of  the  plan  of  the  leading  lines/' 

Modern  View  of  Bradysisms 

Suess  has  long  maintained  that  secular  oscillations  are  not  sufficient 
to  explain  the  repeated  emergences  and  submergences  of  the  land.  The 
negative  movements  are,  in  his  view,  in  part  due  to  the  withdrawal  of 
water  from  the  shores  to  fill  the  abysses  formed  by  the  depression  of  sec- 
tions of  the  sea  floor,  while  the  positive  movements  may  be  ascribed  to  the 
partial  filling  of  the  ocean  basins  by  sediments. 

The  statement  of  Milne  that  the  movements  of  the  sea  floor  in  connec- 
tion with  macroseisms  are  in  general  downward,  while  corresponding 
movements  upon  continental  shores  are  upward,  is  supported  by 
the  geological  evidence  obtained  through  the  study  of  the  shorelines  of 
the  present  day  with  the  use  of  historical  documents.  The  many  works 
treating  of  such  movements  have  been  collected  and  critically  examined 
by  Issel  in  an  important  monograph,  f  IsseVs  map  of  the  bradysisms  of 
the  entire  globe  shows  that  the  greater  number  of  the  areas  of  depression 
now  in  progress  are  beneath  the  sea,  while  the  areas  of  elevation  are  upon 
the  land.  In  those  small  land  areas  where  depression  is  going  on  (for  ex- 
ample, in  Italy)  there  is  evidence  that  this  movement  was  often  preceded 
by  an  elevation.  In  Japan  especially  have  these  shore  elevations  been  con- 
firmed, and  they  appear  to  have  been  especially  rapid.  A  questionnaire 
with  this  end  in  view  was  conducted  there  a  few  years  since  by  Professors 

*  J.  p.  Smith :  Principles  of  paleontologic  correlation.  Journal  of  Geology,  vol.  8, 
1900,  pp.  678-697. 

t  Artnro  Issel :  Le  osclllazlonl  lente  del  suolo  o  Bradislsmi.  Sagf^io  di  geologla 
itorica.     Atti  della  R.  Uniyersita  di  Genoya,  vol.  5,  1885,  pp.  417,  map. 
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Milne  and  Kikuchi.*  Elevations  as  great  as  one  inch  per  year  seem  to 
have  been  indicated,  and  the  upward  nature  of  the  adjustment  is  abun- 
dantly proven  by  the  elevated  sea  terraces  with  coral  reefs,t  shell  borings 
in  rocks,  etcetera. 

There  seems  to  be  an  increasing  tendency  to  r^ard  secular  changes  of 
level  as  traceable  to  movements  of  the  type  which  produce  earthquak.es — 
that  is  to  say,  they  occur  not  continuously,  but  per  saltum.  Exact  meas- 
urements have,  however,  not  generally  been  made.  The  most  valuable 
exact  data  thus  far  available  have  been  derived  from  the  repetition  of 
trigonometrical  surveys  as  soon  as  possible  after  a  great  earthquake. 
At  the  time  of  the  great  Sumatra  earthquake  of  1892  a  trigonometrical 
survey  was  in  progress,  and  a  relocation -of  stations  showed  that  actual 
changes  of  position  and  elevation  had  occurred.^  Much  greater  changes, 
as  regards  both  position  and  altitude,  were  determined  to  have  occurred 
during  the  great  Indian  earthquake  of  1897,  the  relative  changes  of  alti- 
tude between  stations  being  here  as  great  as  24  feet  and  those  of  location 
not  less  than  12  feet.§  Observations  of  a  like  character  have  been  made 
in  connection  with  the  earthquake  of  Saloniki  in  1902.  ||  The  suggestion 
of  Issel  that  signals  be  established  along  the  coast  of  Italy  for  the  meas- 
urement of  bradysisms  has  been  taken  up  by  Qrablowitz  on  the  island  of 
Ischia.  To  extend  the  studies  inland  from  the  coast,  Antonelli  has 
utilized  with  success  a  regular  observation  of  the  expanse  of  sea  visible 
below  the  horizon  from  a  distant  inland  point,  measuring  the  changes  in 
altitude  against  an  intermediate  building.^  That  such  a  method  could 
be  made  available  was  known  from  the  fact  that  certain  villages  in  the 
Jura  which  had  been  invisible  30  years  before  had  come  gradually  into 
view,  the  roofs  first  appearing  and  afterward  a  portion  of  the  walls.** 
Examples  of  a  like  nature  have  been  given  from  Spain,  Italy,  Austria, 
and  Columbia,  S.  A. ft    The  proposition  has  recently  been  made  to  em- 


*  John  Milne :  Movements  of  tbe  earth's  crust,  etc.  The  Geographical  Joamal.  tSOS, 
pp.  1-27. 

t  Toshlwara. 

t  J.  J.  A.  Mllller :  Ueber  die  Verschiebnng  elner  triangulatlonsfeiler  in  der  Resldens 
Tapanuli  (Sumatra)  In  folge  des  Erdbebens  Tom  17  Mai.  1892.  Rerlewed  from  Dutch 
sources  in  Pet.  Mitth.,  yoI.  41,  1895,  pp.  97-98. 

I  R.  D.  Oldham  :  Report  on  the  great  earthquake  of  12th  June,  1897.  Mem.  Oeol. 
Surv.  India,  yoL  29,  1899.  pp.  xxx  and  379,  44  pis. 

I  Rnd.  Hoemes:  Das  Erdbeben  von  Saloniki  am  5ten  Jull,  1902,  und  der  Zusammen- 
hang  der  makedonischen  Beben  mlt  den  tektonischen  Vorgftngen  in  der  Rhodopemasse, 
Mitth.  d.  Brdb.-Kom.  d.  k.  Akad.  d.  Wiss.  s.  Wien,  N.  F. 

T  O.  Antonelli :  Bradislsmi  di  una  parte  delta  costa  adriatica.  Boll,  della  Soc  Geol. 
Ital.,  vol.  9,  1890p  pp.  119-181. 

**Oirardot:  Notes  sur  les  movements  du  sol  qui  se  produisent  actuellement  dans  le 
Jura.     Mem.  de  le  soc  d'emul.  du  Doubs,  1881. 

n  Issel :  Loc.  cit.  pp.  46,  105,  212,  258,  273,  354. 
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ploy  photography  to  record  such  movements.*  After  the  selection  of  a 
station  with  widely  extended  view  (if  possible,  where  several  mountain 
ranges  are  visible  at  successively  greater  distances),  photographs  are  to  be 
taken  with  powerful  telephoto-lenses  at  fairly  regular  and  frequent  inter- 
vals and  under  as  nearly  as  possible  the  same  atmospheric  conditions. 
Such  records,  if  made  at  a  suflSciently  large  number  of  stations,  can 
hardly  fail  to  give  a  decisive  answer  to  the  question  whether  the  so-called 
secular  moveinents  are  in  general  continuous  and  regular  or  spasmodic 
and  occasional ;  and,  if  the  latter,  whether  the  time  of  the  change  corre- 
Bponds  to  local  felt  earthquakes  or  to  periods  of  earth  rumbling  imac- 
companied  by  sensible  movement. 

The  Ocean  Basins  of  the  Secondary  Era 

A  great  contribution  to  our  knowledge  of  ocean  basins  has  been  made 
by  Haug,  who,  by  bringing  together  the  data  of  zoologists  and  botanists 
and  placing  them  in  relation  to  the  results  obtained  by  stratigraphic  geol- 
ogists, has  shown  that  the  great  zone  of  geosynclinals — the  belts  within 
which  the  geological  record  is  most  nearly  complete  for  the  Secondary 
era,  and  which  must  therefore  have  then  constituted  the  almost  contin- 
uous sea-basin — ^these  geosynclinals  bound  the  zoogeographic  and  botano- 
geographic  provinces  of  pre-Tertiary  time.f  Suess  showed  long  ago  J 
that  the  faunas  of  the  geosynclinals  have  more  generally  a  pelagic 
character. 

The  recent  study  of  earthquakes  has  shed  new  light  from  more  than 
one  direction  upon  the  problem  of  ocean  basins.  By  the  study  of  a  life- 
time the  Count  de  Montessus  has  been  able  to  show  through  a  process  of 
standardization  and  correlation  that  practically  all  the  recorded  earth- 
quakes of  the  land  areas  (about  170,000  in  number)  have  been  localized 
within  two  great-circle  belts  of  the  globe,  and  that  these  belts  correspond 
in  position  to  the  geos3mclinals  as  they  had  already  been  mapped  by 
Haug.§  These  belts  are  today  the  highest  regions  and  bordered  by  the 
steepest  slopes  on  the  land;  and,  though  the  continuous  or  nearly  con- 
tinuous low  depressions  of  the  Secondary  era,  they  became  the  mountains 
of  the  era  which  followed.  They  are  thus  regions  which  have  been 
most  mobile  during  and  since  the  Tertiary,  and  their  present  importance 

*  G.  Afiramennone :  Determination  des  bradyslsmes  dans  Tinterieur  des  continents  au 
moyen  de  la  photographie.     Bull,  de  la  soc.  bel^e  de  geologie,  vol.  18.  1904.  pp.  20-38. 

tfimtle  Hang:  Lea  g^osyncllnaiix  ct  les  aires  conttnentales.  Bull.  Soc.  G^ol.  France, 
3d  ser..  vol.  28,  1900,  pp.  617-711.     See  also  Jour.  Geol.,  vol.  15,  1007,  pp.  294-297. 

t  Ed.  SueBR :  Entstehung  der  Alpen,  1875,  p.  98. 

i  Loc  clt,  p.  688. 
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as  earthquake  regions  indicate  that  the  cycle  of  change  is  uncompleted. 
This  revelation,  that  the  Tertiary  was  for  later  geological  history  not 
only  the  unique  period  for  mountain  birth  and  growth  and  for  lava  ex- 
travasation, but  also  for  the  formation  of  new  ocean  basins  as  well,  has 
shown  that  some  sort  of  balance  was  maintained  between  areas  elevated 
in  one  part  of  the  globe  and  those  depressed  in  another. 

Distribution  of  Seaquakes  and  Tsunamis 

A  noteworthy  contribution  to  our  knowledge  of  the  ocean  basins  is  to 
be  found  in  the  comprehensive  study  by  Rudolph*  from  direct  observa- 
tions of  seaquakes,  submarine  volcanic  eruptions,  and  ^^tidal  waves/'f 
After  search  in  earthquake  catalogues,  nautical  magazines,  ships'  logs, 
etcetera,  he  has  described  and  charted  the  observations  of  mariners  re- 
garding the  quakings  experienced  upon  vessels  and  likewise  the  under- 
sea eruptions.  These  data  from  untrained  observers  are  surprisingly 
accordant,  which  speaks  for  their  general  correctness.  It  is  learned, 
and  this  is  an  observation  of  the  greatest  value,  that  the  sensible  shake 
from  a  submarine  quake  is  soon  lost  in  transmission  through  the  sea,  as 
is  clearly  shown  by  the  fact  that  of  two  ships  an  angular  degree  apart  one 
has  received  a  very  violent  shock,  though  it  has  passed  the  other  un- 
noticed. This  observation,  confirmed  by  the  study  of  the  explosions  of 
submarine  mines,  gives  great  value  to  the  observations,  which  are  defi- 
nitely located  in  position  by  the  ships'  logs.  In  a  number  of  instances 
the  alignment  of  shaken  vessels  has  been  apparent,  as  in  the  seaquake  of 
December  22,  1884,  which  was  located  near  the  Azores. 

Regarding  the  origin  of  under-sea  disturbances  Rudolph  says : 

'*Moveiueut8  of  tbe  iudividual  parts  of  a  fault  cleft  upon  each  other,  be  it  in 
vertical  or  horizontal  direction,  are  inconceivable  without  shaking  of  the  oro- 
graphic blocks  (Schollen).  It  is  a  peculiarity  of  the^e  tectonic  earthquakes 
(one  may  call  them  dislocation  or  structure  quakes,  or,  if  you  will,  he  may 
still  further  distinguish  Blatt  and  Wechsel  quakes)  that  with  slight  lateral  ex- 
tension of  the  shaken  plane  they  are  transmitted  in  a  definite  direction  coin- 
ciding with  the  cleft"  (p.  277). 

The  map  of  the  globe  on  which  Rudolph  has  charted  his  resultsj  shows 
a  confirmation  of  the  correctness  of  the  map  of  macroseismic  origins  by 
Milne  on  the  one  hand  and  with  de  Montessus's  map  of  the  regions  of 
high  seismicity  on  the  other.    The  tsunamis  as  charted  by  Rudolph  fringe 


•  E.   Rudolph  :   Ueber  submarine   Erdbeben   und   Eniptionen.     Beltrftge  z.   Geophyslk, 
vol.  1.  1887,  pp.  133-365,  pU.  Ivvli ;  vol.  2,  1895,  pp.  537-666 ;  vol.  3,  1898,  pp.  273-336. 

t  We  shall  adopt  the  excellent  .TapaneKe  term  tsunamis  for  these  earthquake  waves  so 
generally  and  erroneously  denominated  tidal  waves. 
X  Loc.  dt.,  vol.  1,  pi.  vil. 
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the  coasts  of  the  areas  of  seismieity,  as  may  be  seen  by  comparing  plates 
1  to  3  in  de  Montessus's  latest  work.* 

As  regards  the  distribution  of  seaquakes,  Rudolph  has  thus  summarized 
his  conclusionfi  for  the  Atlantic,  which  has  naturally  supplied  the  most 
ample  data : 

"1.  Submarine  earthquakes  and  eruptions  occur  in  all  depths,  in  the  shal- 
low as  well  as  the  deep  sea,  on  the  submarine  plateaus,  and  in  the  true  de- 
pressed areas. 

"2.  The  frequency  and  intensity  in  the  manifestation  of  the  seismic  and 
emptlve  forces  are  not  dependent  upon  the  distance  from  active  or  extinct 
Tolcanoea. 

"3.  There  are  habitual  regions  of  shocks  and  portions  of  the  sea  quite  free 
from  them ;  with  exception  of  these  regions  seaquakes  occur  also  isolated  and 
scattered  oyer  the  ocean." 

There  are  two  most  marked  zones  of  seismieity  in  the  Atlantic.  One 
of  these  extends  westward  along  the  parallel  from  the  mouth  of  the 
Tagus,  thus  continuing  the  Mediterranean  zone  and  including  Madeira 
and  the  Azores.  The  other  is  centered  on  the  equator  and  continues 
the  northern  shore  of  the  gulf  of  Guinea  toward  cape  Saint  Roque. 
Along  the  last-mentioned  zone  in  particular  the  isobaths  or  submerged 
contours  are  sharply  offset  and  the  sea-floor  presents  precipitous  slopes. 

Only  one  wide  area  has  appeared  to  be  immune  from  seaquakes — the 
North  Atlantic  basin  and  its  eastward  extension  in  the  trough  to  the 
west  of  the  Azores.  It  is  interesting  to  note  that  the  northern  of  the 
two  zones  of  high  seismieity  within  the  Atlantic  corresponds  to  a  central 
band  of  Milne's  oval  (H),  which  is  located  to  the  west  of  the  European 
shore.  The  other  area  has,  however,  not  been  indicated  upon  the  map 
of  macroseismic  ovals.  These  studies  of  Rudolph  show  that  movement 
is  today  taking  place  on  the  steep  slopes  bordering  the  ocean  deeps. 

Having  in  mind  the  valuable  generalization  of  de  Montessus  that  areas 
of  high  seismieity  are  in  correspondence  with  the  geosynclinals,  a  sug- 
gestion is  here  afforded  for  their  extension  across  the  seas,  upon  which 
areas  no  data  have  hitherto  been  available. 

Fractures  of  dnder-sea  Cables  at  Time  of  Earthquakes 

There  is  at  least  one  other  promising  field  to  exploit  for  the  more  defi- 
nite determination  of  zones  of  seismieity  within  the  under-sea  regions — 
the  collation  of  the  records  of  interruptions  in  telegraphic  cables.  Milne 
has  already  accomplished  something  in  this  linef  and  shown  how  valuable 


*  Lies  tremblements  de  terre,  Paris,  1006. 

t  John   MUne :   Sub-oceanic   changes.     The   Geographical    Journal,    London,    vol.    10, 
1897,   pp.  120-146,  200-280. 
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such  records  are  to  seismology.  Cables  are  found  to  have  been  repeat- 
edly interrupted  at  the  same  points,  and  since  in  many  districts  they  run 
in  nearly  parallel  lines,  the  opportunity  is  afforded  of  locating  with  some 
definiteness  the  zone  of  displacement  whenever  the  interruptions  may  be 
traced  to  this  source.*  Thus  on  October  4,  1884,  three  transatlantic 
cables  were  interrupted  simultaneously  at  the  base  of  the  steep  eastern 
slope  of  the  continental  shelf  (Flemish  cap)  330  miles  from  Saint  John, 
New  Brunswick.  The  cables  run  in  parallel  lines  10  miles  apart  apd  the 
fractured  places  lay  opposite  each  other  in  a  straight  line,t  probably  in- 
dicating the  considerable  differential  movement  on  the  scarp.  These  and 
other  cables  have  been  repeatedly  fractured  at  the  same  point.  Thus  the 
cable  from  Lipari  to  Milazzo,  Sicily,  has  been  five  times  interrupted  at 
the  same  point,  sometimes  during  known  earthquakes,  as  during  the 
great  Calabrian  earthquake  of  September  8,  1906.  The  other  interrup- 
tions occurred  November  21  and  22,  1888,  March  30,  1889,  September 
11,  1889  (all  during  activity  of  volcano  3  miles  away),  and  February 
9,  1893.J  Cable  companies  have  given  out  but  little  regarding  the 
interruptions  of  their  cables,  which  nearly  always  occur  during  shocks 
in  near-lying  territory.  Enough  is  known  to  say  that  there  is  here  a 
mine  of  valuable  data  on  the  behavior  of  the  sea-floor  at  the  time  of 
earthquakes.  Out  of  245  breaks  of  cables  discussed  by  Milne  87  occurred 
at  times  when  instruments  were  in  operation  which  would  record  "unfelt" 
earthquakes;  58  of  the  87  interruptions  occurred  at  or  about  the  times 
when  unfelt  quakes  were  registered  at  European  stations. 

Forster's  Observations  on  sudden.  Changes  in  the  Mediterranean 

Floor 

Much  the  most  important  obsenations  that  have  yet  been  made  directly 
upon  sea-bottom  changes  are  those  of  Mr  Forster,§  the  manager  and  elec- 
trician of  the  Eastern  Cable  Company  at  Zante,  Greece.  The  fact  that  a 
large  part  of  the  Mediterranean  floor  in  late  Tertiarj-  time  constituted 
with  the  large  islands  a  broad  bridge  connecting  Europe  to  Africa  ;||  the 
complex  fault  system  present  in  both  the  Italian  and  Balkan  peninsulas ; 


*  To  note  how  large  a  part  of  the  sea-floor  1b  now  crossed  by  cables,  see  a  new  map 
of  the  cable  lines  of  the  world  (ownership  given),  which  has  recently  been  Issued  from 
the  Geographical  Institute  of  C.  Oplts,  Leipzig,  published  In  the  Deutsche  lUustrlrte 
Zeltung  of  March  1,  1006. 

t  Milne :  Loc.  clt.,  p.  262. 

t  W.  U.  Hobbs :  Notes  on  a  trip  to  the  LI  pari  Islands.  Trans.  Wis.  Acad.  Scl.,  vol.  9. 
1893,  p.  664. 

i  W.  G.  Forster :  Seismology,  London,  1887,  pp.  68.  Reviewed  by  R.  D.  Salisbury  In 
American  Geologist,  vol.  3,  1880,  pp.  182-188. 

B  See  Wm.  Herbert  Hobbs :  The  geotectonlc  and  geodynamlc  aspects  of  Calabria  and 
northeastern  SlcUy.     Gerland's  Beltrftge  zur  Geophyslk,  vol.  8,  pp.  203-362,  10  pis. 
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the  steep  shorelines  and  the  profound  depths  of  the  sea  adjacent  to  them; 
the  remarkably  abrupt  changes  in  depth  of  the  sea-floor,  and  the  numer- 
ous seaquakes,  submarine  eruptions,  and  earthquakes  on  the  near  shores — 
these  conditions  give  to  the  fleld  of  Mr  Forster's  observations  a  very  im- 
usual  importance. 

On  the  Ligurian  coast  in  the  maritime  Alps,  Upper  Eocene  beds  are 
found  at  an  elevation  of  9,000  feet  and  Pliocene  deposits  at  an  altitude 
of  1,800  feet.  Study  of  the  sea  bottom  near  shore  shows  that  at  the  end 
of  PUocene  or  beginning  of  Quaternary  time  there  was  an  elevation  of 
nearly  5,000  feet,  and  that  subsequently  there  has  been  a  depression  of 
the  sea-floor  comparatively  near  shore  of  about  3,000  feet.  Recent  move- 
ment of  the  same  nature  is  shown  not  only  by  the  earthquakes,  but  by 
verifiable  changes  of  level. 

The  facts  which  Forster  has  gleaned  by  a  long  experience  are  strik- 
ing enough,  and  they  indicate  that  the  geological  changes  which  have 
been  observed  upon  the  land  areas  at  the  time  of  earthquakes  are  rela- 
tively small  when  compared  to  those  which  occur  upon  the  sea-floor  along 
such  great  scarps  as  his  soundings  have  there  discovered.  Some  of  these 
precipices  are  from  3,000  to  5,000  feet  high.  Between  the  bow  and  stem 
soundings  of  the  repair  ship  differences  of  2,000  feet  were  measured. 
At  the  moment  of  the  earthquake  of  October  26,  1873,  the  cable  to  the 
mainland  broke  7  miles  from  the  Zante  office,  and  was  flrmly  jammed 
under  fallen  material  in  a  depth  of  2,000  feet  of  water  where  formerly 
there  had  been  1,400  feet.  In  1878,  in  connection  with  the  violent 
earthquake  across  the  Adriatic  in  Messina,  which  was  felt -slightly  in 
Zante,  the  cable  to  Canea  (Crete)  was  broken  in  two  places  139  and  99 
knots  from  the  Cretan  end,  and  so  uneven  had  the  floor  become  between 
these  breaks  that  it  was  necessary  to  make  a  detour  in  laying  the  repaired 
cable.  The  earthquake  of  March  28,  1885,  again  injured  this  Crete- 
Zante  cable,  this  time  outside  Sapienza,  where  the  floor  is  extremely  irreg- 
ular and  drops  off  quickly  from  700  to  10,000  feet.  In  this  instance  the 
cable  was  jammed  under  a  mass  of  material  which  had  apparently  been 
shaken  from  this  cliff. 

Another  of  Forster's  interesting  observations  relates  to  the  earthquake 
of  August  15,  1886.  In  this  instance  the  line  from  Zante  to  Crete  was 
in  use  for  a  message  at  the  time  the  shocks  frightened  the  operator  from 
the  office,  but  only  a  few  moments  afterward  the  testing  apparatus  was 
adjusted  and  a  dead  break  in  the  cable  was  located  23  miles  from  Zante. 
On  grappling  for  the  broken  cable  the  repair  ship  found  that  the  bottom 
suddenly  increased  in  depth  to  the  south  of  the  break  from  4,500  to 
5,800  feet.     A  break  occurred  in  the  Zante-Corfu  cable  during  the  earth- 
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quake  of  December  7,  1885,  where  it  lay  in  only  300  feet  of  water  and 
only  1  mile  off  the  Zante  shore.  With  a  sea  telescope  the  smooth  lime- 
stone bottom  could  be  seen,  with  the  line  of  the  former  -position  of  the 
cable  marked  on  it;  but  this  was  now  2  feet  away,  and  the  cable  was 
found  actually  lifted  off  the  bottom.  Exactly  where  the  cable  had  lain 
at  one  point  there  was  a  deep  hole  in  the  limestone,  with  radiating  frac- 
tures presenting  the  "appearance  a  large  pane  of  glass  has  when  frac- 
tured."* 

At  the  time  of  the  great  Ligurian  earthquake  of  February  23,  1887, 
no  faults  appeared  on  the  land,  but  several  vessels  a  few  miles  off  the 
coast  received  shocks  so  severe  that  it  was  at  first  thought  they  had  struck 
bottom.  During  the  following  days  a  large  number  of  deep-sea  fishes, 
including  Alepocephdlus  rostratus,  were  foimd  dead  in  the  shallow  water 
along  the  Riviera  or  were  stranded  on  the  beach,  especially  in  the  neigh- 
borhood of  Nice.f  The  earthquake  at  Kingston,  Jamaica,  January  14, 
1907,  was  acocmpanied  by  a  sinking  of  the  harbor  bottom  by  as  much  as 
27  feet,  and  step  faults  upon  the  neighboring  shore  recorded  an  addi- 
tional drop  of  24  feet,  making  53  feet  as  the  total  depression  of  the  har- 
bor bottom.  J 

Contrast  op  3iovEMENTs  op  cbustal  Blocks  within  the  conti- 
nental AND  UNDER-SEA  AREAS 

The  data  above  given  not  only  reveal  the  possibilities  of  investigation 
along  these  lines,  but,  as  already  stated,  they  seem  clearly  to  show  that 
the  changes  in  the  configuration  of  the  sea  bottom  by  seaquakes  are  on  a 
much  grander  scale  than  those  with  which  we  are  now  becoming  familiar 
upon  the  land.§  To  produce  the  seismic  tsunamis  such  as  those  which  in- 
undate the  eastern  shore  of  Japan,  and  still  more  those  larger  waves 
which  are  registered  by  tidal  gauges  over  the  entire  globe,  it  is  necessary 

*  This  description  recalls  the  fractures  radiating  from  a  point,  so  familiar  from  the 
description  and  cut  of  the  fissures  found  at  Oerocame  during  the  Calabrlan  earthquake 
of  1783. 

t  Charles  Dayison :  A  study  of  recent  earthquakes.     London,  1906,  pp.  162-163. 

t  Charles  W.  Brown  :  The  Jamaica  earthquake.  Pop.  Scl.  Month.,  vol.  70,  1007,  p.  401. 

I  The  largest  displacements  of  earth  blocks  yet  demonstrated  on  the  land  were  In 
connection  with  the  Iceland  earthquake  of  February,  1876,  when  the  depression  of 
Sveinagja  sank  between  faults  47  to  65  feet  (F.  de  Montessus  de  Ballore,  Les  tremble- 
men  ts  de  terre,  Paris,  1906,  p.  110),  and  in  Alaska,  at  the  time  of  the  earthquake  of 
September,  1899,  when  the  shores  of  Yakutat  bay  rose  In  places  47  feet  above  the  sea- 
level  (Tarr  and  Martin,  Bull.  Geol.  Soc.  Am.,  vol.  17,  1906,  pp.  29-64,  pis.  12-23).  Sur- 
face faults  have  been  produced  of  33  feet  throw  in  connection  with  the  Assam  (Indian) 
earthquake  of  1897  (Oldham,  Mem.  Geol.  Surv.  India,  vol.  29,  1899,  pp.  zxx  and  379. 
44  pis.).  DiRplacomentR  of  the  same  order  of  magnitude  occurred  in  connection  with 
the  earthquakes  of  India  in  1818  (20  feet  6  inches),  Sonora  in  1872  (20  feet),  and 
Owens  valley  in  1887  (20  feet). 
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to  assume  the  movement  of  a  mass  of  water  of  proportions  truly  astound- 
ing. The  observations  of  Mr  Forster  have  given  us  experimental  data 
on  a  truly  grand  scale,  and  in  connection  with  quakes  at  best  of  but 
secondary  strength. 

Modern  Seismology  and  fundamental  Conceptions  op  Geology 

The  earthquake  cataclysms  were  in  the  days  of  the  founder  of  uni- 
formitarianism  regarded  as  rare  phenomena  of  the  globe.  The  seats 
of  the  western  civilization  and  culture  were  not  then  so  connected  by 
telegraph  and  cable  with  the  earthquake  zones  of  the  globe  as  they  are 
today,  and  conditions  within  those  provinces  could  not  be  adequately 
judged.  Of  the  known  earthquakes  at  that  time,  moreover,  much  that 
was  generally  ascribed  to  the  natural  exaggeration  inspired  by  terror  we 
have  now  by  investigation  found  to  be  literal  truth.  By  natural  infer- 
ence the  fundamental  conception  of  modem  geology,  namely,  that  the 
present  is  the  key  to  the  past,  came  to  mean  much  more  than  its  mere 
words  implied.  It  was  interpreted  to  mean  that  geological  phenomena 
were  to  be  mainly  explained  by  those  forces  only  which  in  countries  of 
low  seUmicity  act  so  slowly  that  it  is  only  by  measurements  extending 
over  many  years,  or  even  centuries,  that  they  can  be  detected.  Almost 
infinitely  slow  warping  of  the  crust,  the  forces  of  erosion,  and  vast 
periods  of  time — these  elements  loomed  large  in  the  concepts  which  were 
formed. 

Modem  seismology  has  now  afforded  us  a  measure  of  the  amoimt  of 
actual  crustal  movement  which  accompanies  earthquakes  of  the  first  order 
of  magnitude  on  the  land.  At  the  surface  this  measure  generally  lies 
between  the  limits  for  maximum  vertical  movement  on  a  single  plane  of 
10  and  60  feet — a  movement  which  is  begun  and  completed  within  a  time 
more  frequently  measured  in  seconds  than  in  minutes.  The  observations 
of  Forster  on  the  movements  of  the  Mediterranean  fioor  at  the  time  of 
earthquakes,  almost  the  only  data  of  the  kind  yet  available,  as  we  have 
seen,  indicate  that  the  values  above  given  for  the  amplitude  of  earth 
movements  on  the  land  are  probably  but  a  tithe  of  those  which,  on  the 
floor  of  the  ocean,  accompany  macroseisms.  Yet  of  seisms  capable  of 
producing  movements  of  this  order  about  70  occur  each  year. 

The  most  impressive  are,  however,  not  necessarily  the  most  important 
phenomena,  and  we  must  take  full  account  of  the  fact  that,  according  to 
Milne's  estimates,  30,000  lighter  shocks  occur  each  year  on  the  land  areas 
each  of  extent  and  intensity  sufficient  at  least  to  be  appreciated  by  a  con- 
siderable number  of  people.     Of  the  number  of  such  shocks  on  the  sea- 
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floor  we  have  as  yet  no  means  of  judging,  but  it  is  probable  that  the  num- 
ber stands  in  some  such  relation  to  those  determined  for  the  land  areas  as 
do  the  grander  seaquakes  to  the  great  land  earthquakes.  All  the  tendency 
of  recent  study  has  been,  moreover,  to  show  that  the  so-called  bradysisms 
or  slow  movements  of  crustal  elevation  or  depression  take  place  not  grad- 
ually, but  per  saltum,  and  differ  in  no  essential  particular  save  that  of 
amplitude  from  the  movements  which  are  accompanied  by  earthquakes. 

The  bearing  of  these  revelations  from  recent  earthquake  study  has  thus 
been  to  show  that  the  formation  of  the  present  ocean  basins  in  Tertiary 
and  later  times  is  not  only  easily  conceivable,  but,  from  the  data  fiir- 
nished  by  seismology  alone,  extremely  probable.  The  great  Tertiary 
mountain  ranges  are  still  pushing  up  their  heads,  and  the  extensive 
studies  brought  together  by  Issel*  on  the  basis  of  historical  documents 
and  observed  measurements  show  that  most  of  the  seaooasts  are  today 
rising.  Direct  data  for  the  continued  sinking  of  the  deeps  of  the  ocean 
floor  are  naturally  difiBcult  to  secure,  but,  so  far  as  measurements  have 
been  made  at  the  time  of  seaquakes,  they  indicate  the  main  movement  to 
be  a  downward  one. 

Cbustal  Block  Movements  within  the  Cobal  Seas 

With  a  view  to  contributing  to  the  solution  of  this  interesting  problem, 
the  writer  has  brought  into  correlation  some  studies  from  within  the  belt 
of  the  earth's  coral  seas.  As  all  are  aware,  the  theory  of  Darwin  ex- 
plains the  formation  of  atolls  and  barrier  reefs  through  the  depression  of 
portions  of  the  sea-floor,  the  reef  of  dead  coral  being  continuously  built 
up  about  moimtain  crests  within  the  upper  160  feet  of  the  sea  while  the 
floor  is  descending  and  submerging  the  mountains  themselves.  The  later 
theory  of  Murray,  it  has  been  urged  with  much  force,  owes  much  of  the 
support  which  it  has  secured  in  some  quarters  to  the  reluctance  of  geol- 
ogists to  accept  such  grand  movements  of  the  crust  as  are  reqidred  by 
Darwin  and  his  follower,  Dana. 

As  Darwin  pointed  out,  fringing  reefs  are  an  indication  either  of  a 
stationary  condition  or  of  local  crustal  elevation.  Throughout  large 
areas  of  the  coral  seas  later  studies  have  confirmed  this  view,  and  we 
have  today  the  numerous  accounts  by  scientific  travelers  which  furnish 
in  many  instances  the  actual  present  elevations  of  the  raised  coral  reefs. 

With  the  assistance  of  Mr  Walter  F.  Hunt,  instructor  in  mineralog}' 
at  the  University  of  Michigan,  the  writer  has  brought  together  upon  a 
map  (plate  5)  the  data  from  these  sources,  as  well  as  those  for  sub- 
mergence based  upon  the  location  of  atolls  and  barrier  reefs.     Tlie  results 
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appear  to  reveal  a  relation  both  to  the  belts  of  earthquakes  and  to  the 
zones  of  geos^Ticlinals  as  these  have  been  mapped  by  de  Montessns  and 
Haug  respectively.  We  may  thus  add  to  the  correspondencies  already 
mentioned  that  of  an  actual  record  of  recent  differential  vertical  move- 
ment of  crustal  blocks  within  the  earthquake  zones,  at  least  for  the  areas 
of  the  coral  seas. 

The  elevations  since  the  Tertiary,  which  are  given  in  figures  on  the 
map,  indicate  not  uniform  values  throughout  any  considerable  area,  but 
each  island  group  or  individual  island  shows  an  elevation  which  generally 
differs  widely  and  quite  erratically  from  that  of  its  nearer  neighbors,  thus 
confirming  the  view  of  Mawson*  that  the  groups  are  here  separated  by 
so-called  Graben  depressions. 

The  bearing  of  the  facts  above  brought  in  review  is  to  show  that  the 
ocean  basins  of  the  present  day  have  been  formed  largely  as  a  result  of 
sinking  of  great  orographic  blocks  bounded  by  submerged  scarps  which 
are  even  today  the  seat  of  progressive  movement. 

IsosTATio  Adjustment 

As  regards  the  coastlines  of  the  continents,  the  resultant  movement 
which  has  been  going  on  since  the  Tertiary  is,  as  has  been  already  said, 
quite  generally  an  upward  one;  but  where  large  rivers  are  depositing 
their  burden  of  sediment,  a  local  settling  is  quite  generally  now  to  be 
noted.  The  way  in  which  isostatic  adjustment  may  locally  modify  the 
general  vertical  movement  of  the  crust  which  takes  place  in  relatively 
large  masses  McGee  has  well  expressed  in  his  study  of  the  gulf  of  Mexico 
as  a  measure  of  isostacy.f  Speaking  of  the  greater  movements  of  the 
crust,  he  said : 

"Now  In  contrasting  these  great  oscillations  with  the  gentle  modem  move- 
ment of  the  crust,  they  are  found  to  differ  widely ;  the  modem  subsidence  Is 
a  gentle  warping  In  such  a  direction  as  to  deepen  the  basin  and  gradually 
submerge  its  perimeter,  while  the  old  oscillations  were  widespread  and  in- 
volved both  sea  bottom  and  continent  The  modem  movement  is  slight  and 
commensurate  with  the  simple  and  uniform  processes  of  erosion  and  sediment- 
ation, while  the  old  movements  were  cataclysmic  and  utterly  transcended  the 
Influence  of  rain'  and  rivers." 

Qreat  ooeanio  Eevolutions  and  geological  Periods 

The  unique  importance  which  for  later  geological  time  the  close  of  the 
Tertiary  acquires  by  reason  of  its  having  so  profoundly  changed  the  face 

•  D.  Mawson :  The  geology  of  the  New   Hebrides.     Proc.   Linna>aD   See.   New   South 
Walet,  TOl.  80,  pt.  ill,  1906,  pp.  400-484,  pis.  14-20. 
t  Bull.  Geol.  8oc.  Am.,  vol.  3,  1892,  pp.  501-603. 
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of  the  earth  naturally  suggests  the  great  revolutions  which  occurred  m 
the  Permian  and  Algonkian  times.  It  is  noteworthy  that  each  of  the  three 
periods  appears  to  have  been  followed  closely  by  a  more  or  less  extended 
continental  glaciation,  the  Permian  in  '^Oondwana  land''  and  Brazil, 
the  Algonkian  in  China,  South  Africa,  and  Ontario.  The  changes  in 
extent  and  in  depth  of  the  ocean  basins  and  the  elevation  of  plateaus  and 
mountain  barriers  react  on  climate  through  affecting  the  humidity  of  the 
atmosphere,  through  regulating  the  amount,  character,  and  distribution 
of  precipitation,  and  through  changes  in  the  ocean  currents,  thus  offering 
at  least  a  possible  explanation  of  the  glaciations. 

In  conclusion,  it  may  be  pointed  out  that  there  is  in  modern  geological 
thought  a  tendency  for  the  pendulum  to  swing  backward  to  complete  its 
cycle  by  returning  toward  the  position  which  it  had  before  the  promuYa- 
tion  of  the  well  known  doctrines  of  Lyell. 


— C»Vr   SiNDSTON 
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Stratigraphy  op  the  southern  Ozarks 

The  surface  rocks  of  the  southern  Ozarks  are  of  Ordovician^  Silurian, 
Devonian,  and  Carboniferous  ages.  Those  of  Silurian  age  are  absent  over 
a  laige  portion  of  the  region,  as  a  result  of  unconformities,  and  those  of 
Carboniferous  age  are  locally  absent,  as  a  result  of  erosion  during  the 
present  erosion  cycle. 

In  southern  Missouri  and  northern  Arkansas  the  streams  have  in  many 
places  cut  far  below  the  Carboniferous  rocks,  leaving  the  older  rocks  ex- 
posed on  the  hillsides.  The  rocks  of  Devonian  age  consist  of  a  thin 
Btratum  of  sandstone,  or  of  sandstone  and  shale,  and  as  those  of  Silurian 
age  are  usually  absent,  practically  all  the  rocks  exposed  below  those  of 
Carboniferous  age  belong  to  the  Ordovician. 

Near  the  Arkansas-Missouri  line  the  Ordovician  rocks  exposed  along 
the  sides  of  the  rather  deep  ravines  consist  of  manganesian  limestone 
containing  several  beds  that  are. more  or  less  cherty  and  locally  thin  beds 
of  ripple-marked  sandstone.  A  few  miles  south  of  the  Arkansas-Missouri 
line  there  appear  at  the  top  of  the  manganesian  limestone  two  beds  of 
Bandstone  with  an  intervening  bed  of  limestone.    These  sandstones  are 


^  Rceelyed  by  the  Secretary  of  the  Society  March  29,  1907. 

XZII — ^Bdll.  Obol.  Bog.  Am.,  Vol.  18,  1906  (251) 


252       A.  M.  PUBDUB — CAYB-aAimfiTONS  DKP06IT8  OV  THS  OZABK8 

(at  least  tentatively)  r^arded  by  Mr  £.  0.  Uliich,  of  the  IT.  S.  Geolog- 
ical Snirey,  as  the  Lower  and  Upper  Saint  Feter^  and  he  named  the 
limestone  Everton,  from  the  town  of  Ererton,  Boone  county^  Arkansas. 

TJnconformitt  at  the  Top  of  the  Etsstok  Limestone 

The  Everton  limestone  overlaps  the  Lower  Saint  Peter  to  the  north  and 
is  (at  least  locaUy)  unconformable  on  the  rocks  below.  At  the  top  of  the 
Everton  limestone  there  is  a  pronounced  unconformity^  which  is  strikingly 
visible  at  all  points  where  this  formation  outcrops  on  the  hillsides.  A 
typical  one  of  these  exposures  is  shown  in  the  following  figure : 


PiGDBS  1. — Unconformity  at  th0  Top  of  the  Bvm^on  Litn€9ton0. 

From  the  nature  of  this  unconformity  there  would  seem  no  doubt  but 
the  irregular  upper  surface  of  the  limestone  is  due  to  solution  that  tbok 
place  at  the  base  of  the  soil  while  this  was  the  surface  rock.  In  many 
places  the  limestone  was  dissolved  out  in  wide  basins  a  hundred  feet  or 
more  in  diameter,  while  in  others  the  depressions  were  smaller  and  more 
cistern-like.  As  the  sea  advanced,  the  soil,  which  doubtless  was  mainly 
clay,  was  carried  seaward  and  the  Upper  Saint  Peter  sandstone  was  put 
down  on  the  very  irregular  but  clean  surface  of  the  Everton  limestone. 

Sandstone  Masses  at  the  Horizon  of  the  Unconformity 

The  sand  filling  these  caverns  is  the  last  to  succumb  to  weathering 
agents;  so  that  in  those  parts  where  streams  have  cut  down  through  the 
limestone  there  are  on  the  hillsides,  at  the  limestone  level,  numerous 
masses  of  sandstone,  some  large  and  bulky,  others  tall  and  slender,  stand- 
ing sentinel-like,  as  so  many  silent  witnesses  to  geography  of  the  past. 

The  Everton  limestone  is  absent  over  western  and  the  extreme  northern 
part  of  Arkansas,  but  the  unconformity  that  occurs  at  its  upper  part 
covers  the  whole  area;  so  that  sandstone  masses  like  those  described  are 
present  throughout  the  region.  Those  most  convenient  to  be  seen  are  in 
the  vicinity  of  Eureka  Springs,  though  they  are  larger  and  more  numerous 
over  the  northern  part  of  the  Harrison  quadrangle.    Where  the  Everton 
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limestone  is  absent  the  sand  forming  the  masses  was  deposited  in  basins 
in  the  Ordovician  magnesian  limestone  at  a  somewhat  lower  horizon.  In 
many  places  these  sandstopf  masses  have  been  thoroughly  protected  from 
erosion  by  the  walls  of  the  basin  in  which  they  lie  and  are  covered  over 
by  the  rocks  of  later  age,  the  Sylamore  sandstone,  which  is  of  Devonian 


PiouBE  2. — Pocket  of  Saint  Peter  8and9tone   covered  with  Sylamore  Sandstone. 

age,  or  the  Saint  Joe  marble,  which  is  Carboniferous.  These  two  sand- 
stones are  quite  similar,  and  it  sometimes  requires  close  observation  to  dis- 
tinguish between  them.    A  case  of  this  kind  is  shown  in  figure  2. 


Sandstone  Masses  in  the  manganesian  Limestone 

The  sandstone  masses  occurring  at  the  horizon  of  those  mentioned 
above,  while  striking  to  the  layman  and  interesting  to  the  geologist,  are 
easy  of  interpretation ;  but  there  are  numerous  others,  occurring  at  a  lower 
horizon,  whose  origin  is  not  so  evident.  These  masses  have  a  general 
distribution  over  northern  Arkansas  and  have  been  observed  by  the  writer 
in  the  extreme  southern  part  of  Missouri.  Those  that  are  the  subject 
of  this  paper  are  confined  to  no  definite  horizon,  but  are  liable  to  be  found 
anywhere  in  the  upper  hundred  feet  or  more  of  the  Ordovician  dolomites. 
They  vary  in  size  from  a  few  feet  to  fully  60  feet  in  height.  In  some  cases 
they  stand  up  alone  on  the  hillsides,  having  been  uncovered  by  erosion, 
and  in  other  cases  they  are  exposed  in  bluflfs,  surrounded  by  limestone. 
The  limestone  beds  usually  abut  abruptly  against  the  sandstone  masses. 
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Shape  akd  size  of  Sandstone  Masses 

In  shape  these  sandstone  masses  Tary  from  those  of  about  equal  dimen- 
sions in  all  directions  to  those  whose  length  is  much  greater  than  their 
thickness.  In  some  cases  a  mass  will  stand  alone  on  the  hillsides,  and  in 
other  cases  several  occur  closely  associated,  but  usually  at  different  levels. 
Frequently  they  are  arched  at  the  base  when  the  material  beneath  is 
usually  weathered  out,  sometimes  leaving  a  cavern  large  enough  to  protect 
stock  during  stormy  weather.  This  basal  arching  is  so  common  as  to 
almost  be  a  characteristic  of  the  masses  (see  figures  1  and  2,  plate  6). 

Character  of  the  Sandstone 

The  sandstone  composing  the  masses  is  saccharoidal  and  to  all  appear- 
ance is  the  same  as  the  Saint  Peter  of  this  r^on.  It  is  made  up  of 
medium  sized,  well  rounded  grains,  so  loosely  bound  together  that  fre- 
quently they  crumble  in  the  fingers.  Beneath  the  blows  of  the  hammer 
it  is  so  friable  that  securing  a  hand  specimen  is  a  difficult  matter.  It  is 
always  of  the  same  nature  in  the  different  masses  and  uniform  throu^out 
the  same  mass.  No  argillaceous  material  occurs  in  it.  No  stratification 
planes  are  visible,  but  often  there  are  poorly  developed  cleavage  planes 
standing  perpendicular  or  at  a  high  angle.  Angular  fragments  of  chert 
like  that  in  the  surrounding  limestone  are  common  in  the  sandstone,  as 
also  are  blocks  of  angular  limestone.  These  limestone  blocks  often  are 
so  large  as  to  make  it  impossible  for  them  to  have  been  deposited  by 
water.  Careful  search  for  conglomeratic  material  in  the  sand  never  re- 
vealed anv  that  I  could  be  confident  was  such.  Loose  material  like  that 
found  on  the  floors  of  the  caves  mav  sometimes  be  seen  beneath  the  sand, 
and  in  one  case  old  stalagmitic  material  was  found.  In  another  case  sev- 
eral feet  of  the  outer  surface  of  one  of  the  masses  were  distinctlv  slicken- 
sided,  the  markings  being  vertical.  In  this  case  the  inclosing  limestone 
was  verj'  slightly  arched  beneath  the  sandstone  mass,  but  the  slight  folding 
could  not  have  caused  the  slickensides.  There  was  no  faulting  of  the 
inclosing  limestone.  In  some  cases  the  surface  of  the  sand  is  weathered 
so  as  to  give  it  a  distinctly  mammillary  appearance — a  thing  which  the 
writer  does  not  attempt  to  explain. 

Reasons  for  considering  the  Sand  Masses  Cave  Deposits 

The  reasons  for  considering  the  sand  masses  cave  deposits  seem  to  tiie 
writer  to  be  conclusive  and  are  as  follows : 

1.  The  abrupt  manner  in  which  the  limestone  beds  usually  abut  against 
th^  sandstone  masses. 
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2.  The  shape  and  size  of  the  mass  is  such  as  would  be  expected  in  the 
filling  of  limestone  caverns. 

3.  The  masses  often  occur  one  above  the  other,  more  or  less  perfectly 
separated  by  limestone  beds,  which  is  the  arrangement  frequently  to  be 
expected  in  limestone  caverns. 

4.  The  masses  occur  at  no  definite  horizon,  as  would  be  the  case  had 
they  been  deposited  contemporaneously  with  the  inclosing  limestone. 

5.  The  writer  explains  the  frequent  occurrence  of  chert  fragments  and 
limestone  blocks  in  the  sandstone  only  on  the  supposition  that  they  fell  in 
from  the  roofs  and  sides  of  the  caves  while  the  sand  was  being  deposited. 

6.  The  absence  of  all  stratification  in  the  sand  masses. 

7.  The  presence,  in  one  observed  case,  of  stalagmitic  material  beneath 
the  sandstone. 

Source  and  Manner  of  Introduction  of  the  Sand 

The  source  of  and  manner  of  introduction  of  the  sand  into  the  cav- 
erns is  one  of  the  difficult  things  to  determine  in  connection  with  the 
deposits.  This  is  the  more  difficult  because  of  the  uniform  cleanness  of  the 
sand.  As  stated,  it  contains  no  argillaceous  material.  How  is  the  absence 
of  this  material  to  be  accounted  for?  There  would  seem  no  escape  from 
the  conclusion  that  the  sand,  if  introduced  from  the  surface  of  the  land 
area,  would  have  clay  mixed  with  it.  Surface  streams  entering  caverns 
would  carry  all  the  material,  both  coarse  and  fine,  that  they  could  get 
hold  of,  and  this  would  be  sorted  to  a  greater  or  less  extent.  The  cavern 
filling  would  not  be  different  from  the  material  deposited  in  the  beds 
of  streams,  though  stratification  might  not  be  so  perfect. 

If,  however,  we  conceive  of  the  sea  advancing  upon  the  land  area,  the 
material,  both  coarse  and  fine,  comprising  the  soil  would  be  picked  up  by 
the  advancing  waves,  assorted,  the  fine  carried  seaward  and  the  coarse 
deposited  along  the  shore.  With  the  advance  of  the  sea,  the  rocks  would 
be  swept  clean  of  soil,  and  if  they  contained  caverns,  these  would  be 
opened  up  to  the  floor  of  the  sea,  permitting  the  free  ingress  of  the  sand. 

Features  op  the  Sandstone  accounted  for 

The  one  pronounced  observed  case  of  slickensides  probably  was  pro- 
duced by  the  settling  down  of  the  sandstone  mass,  most  likely  as  a  result 
of  solution  beneath.  The  common  occurrence  of  vertical  or  nearly  verti- 
cal cleavage  planes  probably  is  to  be  explained  in  the  same  way. 

The  absence  of  stratification  finds  its  explanation  in  the  uniform 
nature  of  the  material  and  the  probable  constant  rate  of  introduction. 
The  quiet  water  in  the  caverns  would  prevent  the  formation  of  false 
bedding  and  ripple-marks. 
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In  cases  where  the  underground  water  passages  leading  from  the  cav- 
erns were  short,  open,  and  straight,  the  loose  material  that  had  accumu- 
lated on  the  floor  of  the  caverns  would,  at  least  in  large  part,  be  removed 
by  the  ebb  and  flow  of  the  tide,  as  the  shoreline  advanced  on  the  land; 
but  in  those  cases  where  such  passages  were  long,  small,  and  crooked 
the  effect  of  the  tidal  surge  would  largely  be  destroyed  and  the  loose 
material  would  remain  in  the  floor  of  the  cavern. 

The  arches  so  common  at  the  base  of  the  sandstone  masses  are  in  part 
explained  by  the  weathering  out  of  this  loose  material,  and  in  part  by 
the  uneven  floor  of  the  caverns,  as  a  result  of  differential  solution. 

AOB  OF  THE  DbPOSITS 

The  very  close  similarity  between  the  sandstone  masses  occurring  at 
the  horizon  of  the  Everton  limestone  and  those  occurring  below,  in  the 
Ordovician  dolomites,  points  to  a  common  age  of  the  two.  It  is  the 
writer's  belief  that  the  caverns  were  filled  at  the  same  time  the  Upper 
Saint  Peter  sandstone  was  put  down,  and  from  the  same  material. 

Agb  of  the  Caverns 

The  caverns  probably  were  formed  in  part,  at  least,  during  the  time  of 
elevation  that  immediately  preceded  the  deposition  of  the  Upper  Saint 
Peter  sandstone,  though  their  beginning  may  antedate  this  time;  but 
while  solution  was  going  on  over  the  Everton  limestone,  producing  the 
very  uneven  surface  and  probably  removing  a  portion  of  its  outer  border, 
the  caverns  were  being  formed  in  the  manganesian  limestone  below. 

When  the  conclusion  here  presented  of  the  origin  of  the  sand  masses 
was  forced  on  the  writer  by  his  own  observations  and  in  the  face  of  pre- 
conceived ideas,  it  was  difficult  to  account  for  an  underground  circulation 
of  water  sufficiently  active  to  form  the  caverns  at  the  time  named;  for 
while  the  surface  of  the  Ordovician  limestone  in  which  the  deposits 
occur  is  one  of  unconformity,  it  is  surprisingly  even,  indicating  that  the 
region  stood  only  a  short  distance  above  sealevel ;  but  an  even  surface  is 
the  one,  other  things  being  equal,  that  is  most  conducive  to  a  large 
underground  water  circulation.  The  amount  of  underground  water  may 
be  sufficient  to  force  a  rather  rapid  circulation,  even  though  the  exit 
should  be  below  sealevel;  also  the  even  surface  is  itself  an  evidence  of 
such  circulation,  for  without  it  surface  drainage  must  have  existed, 
which  would  have  resulted  in  numerous  valleys.  Such  valleys  are  only 
sparingly  in  evidence  along  the  contact  between  the  Ordovician  lime- 
stone of  the  area  and  younger  rocks  laid  down  on  them. 
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Introductory  Statement 

Since  its  discovery,  the  Malaspina  glacier  has  been  in  a  nearly  stagnant 
condition  around  most  of  its  periphery.  As  a  result  of  ablation,  in  this 
outer  portion  of  the  glacier,  there  has  developed  a  fringe  of  moraine- 
veneered  ice,  parts  of  which  support  forest  growth.  Back  of  this  morainic 
fringe  the  ice  plateau  has  been  so  smooth  as  to  permit  easy  sledging  in  all 
directions  by  the  several  parties  (the  last  in  1897)  which  have  crossed  it 
on  their  way  to  mount  Saint  Elias.  Such  was  apparently  its  condition 
even  as  late  as  the  summer  of  1905 ;  but  in  1906  that  part  of  the  Malas- 
pina glacier  which  borders  Yakutat  bay  was  transformed  to  a  sea  of 
crevasses,  across  which  travel  was  utterly  impossible.  This  crevassing 
has  been  caused  by  a  great  forward  thrust,  which  has  not  only  broken  the 
ice  surface,  but  has  also  pushed  forward  the  glacier  margin,  and  in  the 
summer  of  1906  was  still  pushing  it  forward. 

The  evidence  is  clear  that  the  many  smaller  glaciers  of  the  Yakutat 
Bay  region  were  in  a  condition  of  general  recession  up  till  1905 ;  but  be- 
tween August,  1905,  and  June,  1906,  three  of  them  have  undergone  a 
remarkable  advance,  accompanied  by  profound  crevassing.  It  is  the  pur- 
pose of  this  paper  to  describe  these  changes  and  to  offer  an  interpretation 
of  them. 

Location  and  Topography  of  the  Area  studied 

Yakutat  bay  is  an  indentation  in  an  otherwise  straight  coastline  about 
midway  between  Cross  sound  and  Controller  bay.    Malaspina  glacier  bor- 
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dere  the  western  shore  of*  the  outer  bay,  being  fed  by  mimierous  tribu- 
taries from  mount  Saint  Elias  and  neighboring  mountains.  The  outer 
bay  is  V-shaped,  narrowing  toward  its  head,  where  it  enters  between 
mountain  walls  as  a  true  fiord  known  as  Disenchantment  bay.  The  en- 
tire inlet  has  the  shape  of  a  bent  arm,  the  elbow  being  at  the  point  where 
the  fiord  reaches  farthest  into  the  mountains,  the  part  beyond  the  elbow 
extending  back  toward  the  ocean  in  a  course  roughly  parallel  to  the  outer 
bav.     The  inlet  above  the  elbow  is  called  Russell  fiord. 

Xear  the  shores  of  the  fiord  the  mountains  reach  elevations  of  from 
3,000  to  5,000  feet,  but  immediately  back  of  these  the  Saint  Elias  chain 
rises  to  elevations  of  from  10,000  to  19,000  feet.  Situated  on  a  wind- 
ward coast,  these  lofty  mountains  induce  heavy  precipitation,  and  are 
therefore  deeply  clothed  with  accumulations  of  snow  at  all  elevations 
above  two  or  three  thousand  feet.  It  is  this  great  accumulation  of  snow 
which  causes  glaciers  to  descend  nearly  all  the  valleys. 

Previous  Work 

In  1890  and  1891  Malaspina  glacier  was  studied  by  Professor  Russell, 
who  crossed  it  along  several  lines,  and  from  whose  descriptions*  we  have 
obtained  most  of  our  present  knowledge  of  this  interesting  ice-sheet. 
Professor  Russell  has  also  briefly  described  the  other  glaciers  of  the  Yaku- 
tat  Bay  region.  In  1897  both  Prince  Luigi,  Duke  of  the  Abruzzi,  and 
Mr  H.  C.  Bryant  crossed  Malaspina  glacier  from  outer  Yakutat  bay  to 
the  mountain  base.f  As  a  member  of  the  Harriman  Alaska  expedition 
Dr  G.  K.  Gilbert  studied  the  glaciers  of  Yakutat  bay  in  1899, J  and  pre- 
sented evidence  that  there  had  been  general  recession  since  the  earlier 
ol)8ervations  of  Professor  Russell.  The  photographs  and  maps  of  the 
Alaska  Boundary  Tribunal  clearly  show  the  condition  of  the  glaciers  in 
1895.  The  studies  of  Tarr  and  Martin  in  1905  prove  that  the  recession 
of  the  glaciers  continued  up  to  that  time.§ 

Gkneral  Description  of  the  Glaciers 
malaspina  glacier 

A  number  of  large  valley  glaciers  (see  plate  7),  descending  from  the 
Saint  Elias  range,  spread  out  at  the  mountain  base  to  form  the  broad 

*  National  Geographic  Magazine,  vol.  3,  1891.  pp.  53-203 ;  ISth  Annual  Report  U.  S. 
OeolQglcal  Survey,  1891-2.  pt.  2,  Geology,  pp.  1-91. 

t  Mr  Bryant  bas  published  no  description  of  bis  ezi)edition ;  but  the  results  of  the 
Abrussi  expedition  are  described  in  a  volume  entitled  "The  ascent  of  mount  Saint  Blias, 
narrated  by  Flllppo  de  Fllippi,"  1900. 

t   Harriman  Alaska  Expedition,  vol.  3,  "Glaciers  and  Glaciation,"  1904,  pp.  45-70. 

I  Bull.  American  Geographical  Society,  vol.  38,  1906,  pp.  14j[>-167. 
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piedmont  ice  plateau  known  as  the  Malaspina  glacier^  which  reaches  the 
sea  at  two  points — Icy  cape  on  the  west  and  Sitkagi  bluffs  on  the  east. 
Icebergs  are  discharged  into  the  ocean  from  the  former,  but  the  latter  is 
merely  a  moraine-veneered  ice-cliff,  against  the  base  of  which  the  occ^n 
waves  beat. 

Each  of  the  tributary  glaciers  dominates  a  part  of  the  Malaspina  ice 
plateau.  The  eastern  portion  is  under  the  influence  of  Marvine  glacier, 
which  supplies  the  ice  of  that  part  of  the  Malaspina  bordering  Yakutat 
bay.  The  tributary  next  west  of  the  Marvine  is  Seward  glacier,  and 
west  of  this  is  the  Agassiz.  ,  East  of  the  Marvine  is  the  much  smaller 
Hayden  glacier,  which,  although  completely  joined  to  the  Malaspina, 
produces  little  effect  upon  its  ice  supply,  excepting  in  a  very  narrow  strip 
along  the  eastern  margin. 

A  bay  in  the  ice  is  formed  on  the  lee,  or  southern,  side  of  the  moun- 
tains where  the  Marvine  and  Hayden  glaciers  unite,  and  in  this  ice-free 
area  a  small  hill  rises,  to  which  liussell  applied  the  name  Blossom  island. 
A  good-sized  stream,  supplied  by  the  melting  along  the  margin  of  the 
Marvine  and  several  smaller  glaciers,  traverses  this  area,  expanding  into 
a  lake,  then  escaping  beneath  Hayden  glacier  through  a  subglacial  tunnel 
about  5  miles  in  length.  On  emerging  from  its  tunnel,  on  the  eastern 
margin  of  Malaspina  glacier,  this  stream  is  known  as  Kwik  river — ^a 
great,  rushing,  glacial  torrent  which  flows  to  Yakutat  bay  in  a  course 
roughly  parallel  to  the  eastern  margin  of  the  Malaspina. 

On  his  way  to  mount  Saint  Elias  in  1890,  Professor  Russell  crossed 
Hayden  glacier,  went  across  Blossom  island,  then  traversed  Marvine 
glacier.  So  far  as  known,  his  is  the  only  expedition  which  has  previously 
visited  this  }X)rtion  of  Malaspina  glacier.  In  1905  I  did  not  reach  this 
region,  but  wo  had  clear  views  of  it  from  neighboring  mountains,  and  two 
of  my  party,  Messrs  Martin  and  Butler,  looked  down  on  it  from  the 
slopes  on  the  western  side  of  the  Floral  hills  directly  above  Hayden 
glacier.  Professor  Russell  found  Marvine  glacier  easy  to  cross  in  1890, 
and  from  our  views  of  1905  we  are  convinced  that  there  would  then  have 
been  no  difficulty  in  crossing  this  part  of  Malaspina  glacier;  but  in  1906, 
from  far  up  the  mountain  valley  north  of  Blossom  island  down  to  the 
very  margin  on  the  shores  of  Yakutat  bay,  a  distance  of  not  less  than  15 
miles,  that  part  of  the  Malaspina  dominated  by  ^larvine  glacier  was  so 
crevassed  as  to  be  utterly  impassable. 

LCCTA    AND   ATREVWA    GLACIERS 

Lucia  glacier  lies  just  east  of  the  Hayden,  and  adjoining  the  Lucia  on 
the  east  is  Atrevida  glacier.     In  their  lower  portion  these  two  glaciers 
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coalesce  and  their  terminus  extends  to  within  IY2  or  2  miles  of  Malaspina 
glacier,  to  which  they  were  formerly  tributary.  At  present  the  alluvial 
fan  of  Kwik  river  separates  these  glaciers  from  the  Malaspina.  In  1905 
the  lower  portions  of  both  Atrevida  and  Lucia  glaciers  were  essentially 
stagnant,  and  from  well  within  their  mountain  valleys  to  their  terminus 
were  covered  with  broad  wastes  of  moraine.  The  outermost  portion  of 
the  moraine-covered  ice  was  clothed  in  a  dense  thicket  of  mature  alder, 
indicating  almost  complete  stagnation  in  that  part  of  the  glacier. 

Hussell  crossed  both  these  glaciers  in  1890.  In  1905  I  walked  freely 
over  Atrevida  glacier  in  company  with  Messrs  Martin  and  Butler,  and 
later  they  crossed  Atrevida  and  Lucia  glaciers  on  their  way  to  Floral  hills ; 
but  in  1906  crevassing,  due  to  a  rapid  forward  movement,  had  completely 
altered  the  condition  of  Atrevida  glacier.  The  Lucia,  on  the  other  hand, 
was  in  no  way  different  from  its  condition  in  1905,  at  least  along  and 
near  the  route  followed  bv  Messrs  Martin  and  Butler. 

GLACIERS  OF   YAKUTAT  BAT 

Galiano  glacier  (plates  7  and  13),  the  next  one  east  of  the  Atrevida, 
was  the  same  in  the  two  summers ;  but  there  is  evidence  of  distinct  change 
between  1890  and  1905. 

Three  tidal  glaciers  discharge  into  Yakutat  Bay  inlet.  The  outermost 
of  these,  Turner  glacier,  underwent  no  notable  change  in  the  interval  be- 
tween 1905  and  1906;  but  a  small  unnamed  glacier  just  north  of  it, 
which  I  shall  call  Haenke  glacier  (plates  11  and  12),  has  advanced  into 
the  sea,  uniting  with  the  ice-cliff  of  the  Turner.  Hubbard  glacier  was 
essentially  the  same  in  1906  as  in  1905 ;  but  the  much  smaller  Variegated 
glacier  (plates  8-10),  just  east  of  it,  shows  profound  change.  The 
tidal  Nunatak  glacier,  at  the  head  of  Nunatak  fiord,  continued  to  recede 
between  1905  and  1906,  as  it  had  been  doing  at  such  a  remarkable  rate 
between  1891  and  1905.*  Another  large  glacier,  the  Hidden,  whose 
terminus  is  on  an  alluvial  fan  back  from  the  sea,  shows  no  notable  change. 
There  are  many  smaller  glaciers  in  the  bay,  and  in  none  of  these  was  any 
evidence  of  recent  advance  discovered. 

This  brief  description  makes  it  clear  that  four  of  the  many  glaciers 
in  the  Yakutat  Bay  region  have  been  subjected  to  some  influence  which 
has  caused  a  very  remarkable  change  in  condition  in  the  short  interval  of 
ten  months  between  August,  1905,  and  July,  1906.     The  nature  of  this 


*  Tarr  and  Martin :  BaU.  American  Geographical  Society,  vol.  38,  1906,  p.  154. 
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change  will  now  be  more  definitely  stated  for  each  of  the  glaciers  con- 
cerned. 

The  advancing  Glaciers 

VARIEQATED  OLACIER 

Condition  in  190/}, — Variegated  glacier  (plates  8-10),  having  its 
source  far  back  in  the  mountains,  descends  in  a  serpentine  course  through 
a  valley  greatly  steepened  by  glacial  erosion  (plate  8,  figure  2).  On 
emerging  from  its  mountain  valley,  the  glacier  expands  into  a  broad, 
bulb-shaped  area  which  extends  westward  until  it  coalesces  with  Hubbard 
glacier,  and  southwestward  almost  to  the  sea. 

In  August,  1905,  this  glacier  was  studied  with  some  care,  especially 
in  its  bulb-shaped  expansion  outside  of  the  mountain  front,  which  pre- 
sented some  interesting  morainic  phenomena.  We  walked  freely  over 
tlie  bulb-shaped  terminus  and  ascended  the  valley  glacier  to  a  point  6 
miles  or  more  from  the  sea.  At  that  time  all  parts  of  the  glacier  visito<l 
were  easily  traversed  and  possessed  no  areas  of  marked  crevassing.  In 
the  middle  of  August  the  snowline  on  the  glacier  was  at  an  elevation  of 
approximately  2,200  feet.  At  and  above  snowline  there  was  some 
crevassing,  but  not  enough  to  impede  travel  as  far  up  as  we  went.  In 
this  upper  portion  numerous  small  tributary  glaciers  descended  by  steep 
grades  from  hanging  valleys. 

Below  snowline  the  glacier  surface  was  rapidly  melting,  and  toward 
the  end  of  the  mountain  valley  it  was  littered  with  angular  rock  frag- 
ments. p]verywhere  the  surface  was  so  smooth  that  one  could  travel  in 
a  straight  course  over  it  with  almost  no  detours  on  account  of  crevasses 
(plate  9,  figure  1).  The  slope  of  the  valley  portion  of  the  glacier 
varied  from  7  to  10  degrees,  but  flattened  decidedly  near  the  end  of  the 
mountain  valley,  where  in  places  the  grade  was  even  reversed. 

On  emerging  from  this  mountain  valley  Variegated  glacier  expanded 
abruptly  and,  through  ablation,  became  covered  with  an  almost  contin- 
uous sheet  of  moraine.  This  morainic  veneer  varied  in  thickness,  causing 
a  succession  of  ridges  and  intermediate  depressions  arranged  concentric- 
ally (plate  9).  These  concentric  ridges,  which  roughly  paralleled  the 
bulb-shape  of  the  exj)anded  ice-foot,  consisted  of  rocks  of  various  kinds 
and  colors,  giving  rise  to  a  remarkable  series  of  crescentic  moraines  whose 
characteristics  we  studied  with  some  care.  The  outer  portion  of  the  ex- 
panded ice-foot,  near  the  sea,  was  so  stagnant  and  so  deeply  covered  by 
moraine  that  scattered  willows  and  alders  were  growing  on  it,  and  the 


rhotograpb  by  lAwrcDce 


by  Lhh 


VARIEGATED  GliAClEH  263 

underlying  ice  was  only  occasionally  revealed.  It  was  this  stagnant  outer 
portion  which  reached  up  to  and  coalesced  with  Hubbard  glacier. 

Within  this  outer  stagnant  area  was  a  long  crescent-shaped  depression 
(plate  10)  underlaid  by  ice,  into  which  two  glacial  streams,  emerging 
from  the  moraine-covered  inner  portion  of  Variegated  glacier,  poured 
their  sediment,  building  up  a  broad  flat  through  the  coalescing  of  the 
alluvial  fans.  On  emerging  from  the  ice  the  larger,  or  southeastern, 
stream  entered  a  canyon  in  the  granite  bed  rock,  and  after  a  short  course, 
interrupted  by  a  notable  waterfall,  emerged  from  it  at  the  head  of  its 
alluvial  fan  (plate  10,  figure  1). 

Inside  of  and  concentric  with  this  interior  alluvial  flat,  the  moraine- 
covered  ice  rose  steeply  in  a  succession  of  concentric  ridges  of  variously 
colored  moraines — red,  orange,  and  purple.  This  inner  portion  of  the 
glacier,  although  almost  completely  covered  with  moraine  (plate  9, 
figure  2),  was  evidently  more  active  than  that  part  which  lay  outside 
the  interior  flat.  Vegetation  was  represented  only  by  occasional  annual 
plants,  and  now  and  then  by  a  willow  a  year  or  two  old.  The  moraine  was 
so  thin  that  ice  was  frequently  visible  and  could  almost  always  be  reached 
by  tlirusting  the  ice-ax  into  the  moraine.  There  was  no  crevassing,  and 
it  was  evident  that  this  part  of  the  glacier,  like  the  portion  within  the 
mountain  valley,  was  rapidly  wasting.  The  inner  edge  of  this  moraine- 
covered  area,  lying  almost  at  the  very  mouth  of  the  mountain  valley,  was 
crescentic  in  outline  and  rose  steeply  and  abruptly  above  the  rapidly 
melting  clear  ice  of  the  valley  glacier  (plate  9,  figure  1).* 

Condition  in  1906. — ^The  above  description  applies  to  Variegated 
glacier  in  the  middle  of  August,  1905.  When  we  again  saw  it,  late  in 
June,  1906,  it  was  absolutely  altered  (compare  figures  1  and  2,  plate  8). 
The  area  of  stagnant  ice  outside  of  the  interior  flat  was  unchanged. 
The  flat  itself  was  also  essentially  as  it  was  in  1905,  though  slightly 
smaller;  but  all  the  ice  to  the  northeast  of  the  flat  was  broken  into  an 
impassable  condition  (plate  8,  figure  2).  In  a  period  of  ten  months 
this  glacier  was  altered  from  one  over  which  we  easily  passed,  making  a 
journey  of  over  12  miles  in  a  single  day,t  to  one  whose  crevassed  margin, 
even,  we  found  it  impossible  to  ascend  without  the  laborious  work  of  cut- 
ting steps  in  the  ice. 

Not  only  was  the  moraine-covered  expansion,  just  outside  of  the  moun- 
tain valley,  broken  into  a  labyrinth  of  crevasses,  but  this  condition  ex- 


*  For  further  description  and  iUnstration  of  this  glacier,  see  Tarr  and  Martin,  Bull. 
American  Geographical  Society,  yol.  38,  1006,  pp.  147-149. 

t  This  refers  merely  to  the  distance  in  a  straight  line,  for  we  made  many  side  trips 
during  this  day. 
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tended  at  least  as  far  up  the  vallev  as  we  had  gone  the  prvrious  summer, 
and  from  one  side  of  the  vallev  to  the  other.  By  the  eievassing,  the  con- 
eentrie  moraines  northeast  of  the  interior  flat  were  completely  destroyed, 
the  ridges  being  replaced  by  a  miiform  maze  of  jagged  ice  pinnacles. 
S<^>me  of  the  moraine  still  clung  to  the  flatter  portions  of  the  broken  ice, 
but  most  of  it  had  tumbliMl  into  the  crevasses.  In  consequence  of  these 
changes  a  large  measure  of  clear  ice  appeared  where,  in  1905,  only  mo- 
raine was  seen  when  viewe<l  from  a  distance.  Thus  the  appearance  of  the 
glacier  was  as  totally  altered  as  its  condition. 

In  addition  to  this  breaking,  there  has  been  a  decided  thickening  of  the 
lower  portion  of  the  advancing  glacier,  so  that  it  now  rises  between  200 
and  300  feet  higher  than  it  did  in  1905  (compare  figures  1  and  2,  plate 
10).  The  margin  has  also  advanced  seaward  and  encroached  somewhat 
on  the  interior  flat ;  but  the  advance  has  not  disturbed  the  ice  platform 
of  the  flat,  nor  of  the  morain6K?overed  area  outside  of  it.  Exact  I  v  how 
much  of  an  advance  there  has  been  can  not  be  stated,  since  we  have  no 
exact  Ijasis  for  measurement,  though,  so  far  as  could  be  told  from  compar- 
ison of  photographs,  it  set*nis  to  be  certainly  not  less  than  200  yards.  The 
forward  movement  has  causinl  the  ice  to  override  and  bury  the  granite 
gorge  which  was  visible  in  1905  (plate  10),  and  the  forward  thrust  has 
so  completely  destroyed  the  system  of  subglacial  drainage  that  a  stream 
no  longer  emergens  from  this  part  of  the  glacier.  Instead,  a  large  stream 
now  issues  from  the  eastern  side  of  the  glacier,  descending  through  a 
marginal  channel  which  in  1905  carried  little,  if  any,  water  from  Varie- 
gated glacier. 

Hy  this  transfer  in  position  of  the  glacial  stream  the  rapid  building  up 
of  deposits  in  the  interior  flat  has  stopped,  and  the  stream  emerging  from 
it  is  greatly  diminished  in  volume.  On  the  other  hand,  a  stream  which 
in  1905  carried  waters  mainly  from  Orange  glacier  is  now  greatly  in- 
creased in  volume  and  rushes  as  a  violent  torrent  through  a  marginal 
channel  cut  in  the  granite  more  than  a  quarter  of  a  mile  from  its  course 
in  the  previous  summer.  On  emerging  from  this  canyon  the  stream 
spreads  out  over  a  broad  alluvial  fan  in  a  series  of  distributaries. 

This  fan,  which  is  built  out  into  Russell  fiord,  is  very  large,  and  in 
1905  attracted  our  attention  especially  because  glacial  waters  no  longer 
occupied  the  eastern  portion,  on  which,  instead,  there  was  a  dense  alder 
growth,  with  the  individual  bushes  at  least  twenty-five  years  old.  We 
interpreted  this  condition  to  be  the  result  either  of  a  diminution  in 
volume  of  the  glacial  waters  or  of  a  transfer  in  their  point  of  emergence. 
We  little  suspected,  however,  that  in  ten  months  this  part  of  the  fan 
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would  again  be  occupied  after  an  interval  of  freedom  from  deposit  of 
over  a  quarter  of  a  century. 

By  this  change  the  heavily  sediment-laden  glacial  stream  is  now  cours- 
ing through  the  alder  thicket  in  a  multitude  of  branches  which  are 
rapidly  killing  and  burying  the  bushes.  That  this  change  occurred  late 
in  the  spring  or  early  in  the  summer  of  1906  is  proved  by  the  fact  that 
all  the  alders  are  in  full  leaf.  That  the  complete  destruction  of  the  alder 
thicket  is  imminent  is  evident  from  the  fact  that  the  roots  of  the  plants 
are  bathed  in  glacial  waters,  while  the  gravel  deposit  is  rapidly  rising 
above  them.  The  summer  of  1906  is  probably  the  last  season  of  life  for 
these  plants. 

ORANOE  GLACIER 

East  of  the  expanded  ice-foot  of  Variegated  glacier  there  is  another 
glacier  which  heads  on  a  low,  flat  divide  from  which  the  ice  descends  east- 
ward toward  Nunatak  fiord  and  westward  toward  Variegated  glacier. 
This,  which  I  now  call  the  Orange  glacier  (plates  8  and  9),*  because 
of  the  presence  on  it  of  a  pronounced  orange-colored  medial  moraine,  is  a 
smooth,  flat  glacier  with  gentle  grade  and,  so  far  as  we  could  see,  with  no 
pronounced  tributaries,  its  supply  coming  mainly  from  snowfall  and 
snowslides  in  the  flat  divide  area.  Since  the  inclosing  mountains  are  not 
lofty  and  the  tributaries  few  and  small,  this  glacier  differs  widely  from 
the  neighboring  Variegated  glacier.  Although  we  did  not  go  out  on 
Orange  glacier  in  1905,  we  saw  clearly  all  but  its  terminus,  and  are  con- 
vinced that  it  was  then  in  essentially  the  same  condition  as  in  1906,  when 
we  made  a  journey  out  upon  it  nearly  up  to  the  snow-line. 

Thus  we  have  the  anomaly  of  two  neighboring  glaciers,  both  of  which 
were  essentially  uncrevassed  and  easily  traversed  in  August,  1905,  but 
one  of  which  has  so  changed  as  to  become  impassable  in  a  period  of  ten 
months,  while  the  other  shows  no  noticeable  change.  In  fact,  one  of 
them,  Variegated  glacier,  is  so  broken  that  attempts  to  ascend  the  margin 
to  a  point  where  we  photographed  it  in  1905  were  completely  frustrated. 

TURNER  GLACIER 

This  glacier  (plates  11  and  12)  flows  eastward  from  mount  Cook 
through  a  valley  more  than  a  mile  in  width,  and  on  passing  out  of  its 
mountain  valley  expands  to  about  double  this  width,  ending  in  an  ice- 

*  The  name  Variegated  glacier  was  extended  to  this  by  Tarr  and  Martin  in  1905,  on 
the  belief,  which  we  shared  with  Russell  and  Gilbert,  that  it  was  continuous  with  the 
stagnant  moraine-covered  ice  described  aboye ;  but  in  1906  we  went  out  on  it  and  found 
it  almost  completely  separated  from  the  stagnant  ice-foot,  which  is  really  a  part  of  the 
adyancing  Variegated  glacier,  as  stated  aboye.  The  name  of  1905  is  therefore  inap- 
propriate and  is  withdrawn. 
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cliff  from  which  icebergs  are  discharged  into  Disenchantment  bay.  It  is 
an  actively  moving  and  greatly  crevassed  glacier,  and  this  has  been  its 
condition  since  first  seen  by  Russell  in  1890. 

HABNKB  GLACIER 

Condition  in  1905. — Not  over  half  a  mile  north  of  the  Turner  there  is 

a  small  glacier  (plate  11),  and  about  three-quarters  of  a  mile  far- 
ther north  another  similar  one.  These  two  glaciers  have  never  been 
named.  In  1905  they  were  so  nearly  alike  that  a  description  of  one 
would  practically  apply  to  the  other.  Each  descended  rather  steeply,  at 
an  angle  of  perhaps  15  or  20  degrees,  and  ended  at  the  head  of  an  alluvial 
fan  about  a  quarter  of  a  mile  from  the  fiord.  The  lower  mile  of  their 
course  consisted  of  what  appeared  to  be  essentially  stagnant  ice,  so 
veneered  with  black  shale  fragments  as  to  completely  hide  the  ice  when 
viewed  from  a  distance.  Bec^ause  of  this  blackness  none  of  our  photo- 
graphs reveal  the  true  glacier  character  of  the  lower  ends,  though  it  was 
evident  enough  to  the  eye.  It  is,  however,  clearly  shown  in  a  Boundary 
Commission  photograph  taken  in  1895,  from  which  it  is  evident  that  the 
condition  was  then  identical  with  that  in  1905. 

Condition  in  1906. — In  June,  1906,  the  northern  glacier  had  advanced 
somewhat  and  become  slightly  crevassed;  but  the  southern,  or  Haenke 
glacier,  had  undergone  a  wonderful  change  (plate  12).  It  had  not 
only  advanced  over  its  alluvial  fan,  but  had  moved  boldly  out  into  the 
fiord,  expanding  both  to  the  north  and  south,  in  the  latter  direction-  coa- 
lescing with  Turner  glacier,  and  extending  the  ice-cliff  of  that  glacier 
fully  a  mile  to  the  northward.  As  a  result  of  this  forward  advance,  the 
front  of  Haenke  glacier  had  by  June,  1906,  advanced  not  less  than  a 
mile  farther  out  than  it  was  ten  months  before. 

As  in  the  case  of  Variegated  glacier,  this  forward  rush  has  broken  the 
ice  into  a  sea  of  crevasses,  from  the  ice-cliff  in  the  fiord  to  a  point  at 
least  as  far  up  the  mountain  valley  as  we  could  see.  Unlike  Variegated 
glacier,  this  breaking  of  the  ice  has  not  been  followed  by  a  notable  dis- 
appearance of  the  morainic  veneer,  and  therefore  its  surface  is  still. black 
with  debris.  This  fact  may  be  due  to  the  recency  of  the  advance,  al- 
though in  all  probability  it  is  chiefiy  the  result  of  the  difference  in  climate 
between  this  point  and  Variegated  glacier.  Lying  as  it  does  between  the 
ice-cliffs  of  the  Turner  and  Hubbard  glaciers,  and  fronted  by  a  contin- 
uous stream  of  floating  ice,  the  climate  of  this  part  of  the  inlet  is  de- 
cidedly colder  than  other  portions.  In  fact,  in  the  first  week  of  July 
snow  still  remained  on  the  alluvial  fan  north  of  Haenke  glacier.     There 
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has  therefore  been  little  opportunity  for  ablation  to  lower  the  morainic 
debris  into  the  recently  formed  crevasses  of  Haenke  glacier. 

If  the  advance  which  has  pushed  Haenke  glacier  out  into  Disenchant- 
ment bay  should  continue,  and  if  the  neighboring  glaciers  should  share  in 
it,  it  seems  by  no  means  improbable  that  the  ice-cliff  of  Turner  glacier 
might  be  united  with  that  of  Hubbard  glacier.  Such  a  paroxysmal  thrust 
as  has  affected  this  small  valley  glacier,  extended  to  the  much  greater 
Hubbard  and  Turner  glaciers,  might  even  result  in  again  filling  Disen- 
chantment bay  with  glacier  ice.  This  result  would  surely  come  about  if 
these  two  great  glaciers  should  receive  a  similar  impulse  proportional  to 
their  great  size.  Even  as  applied  to  this  small  Haenke  glacier,  the  for- 
ward movement  is  astonishing;  and  although,  owing  to  the  uncertainty 
as  to  the  cause  and  the  nature  of  its  effects,  no  prediction  can  be  made  as 
to  the  future,  it  is  certainly  within  the  realm  of  possibility  that  the  next 
few  years  may  witness  some  remarkable  changes  in  the  great  tidal  glaciers 
of  Disenchantment  bav. 

OAUA\0  GLACIER 

Condition  in  1890. — In  1800  Professor  Russell  camped  on  the  west 
side  of  Disenchantment  bay,  near  the  end  of  Galiano  glacier  (plate  13). 
He  gives  the  following  description  of  its  terminus  :* 

*"l'o  the  north  of  our  camp,  and  about  a  mile  distant,  rose  a  densely  wooded 
hill  about  300  feet  high,  with  a  cur\ing  outline,  convex  southward.  This  hill 
liad  excited  my  curiosity  on  first  catching  sight  of  the  shore,  and  I  decided  to 
make  it  my  first  study.  Its  position  at  the  mouth  of  a  steep  gorge  in  the  hills 
beyond,  down  which  a  small  glacier  flowed,  suggested  that  tt  might  be  an  an- 
cient moraine,  deposited  at  a  time  when  the  ice-stream  advanced  farther  than 
at  present.  My  surprise  therefore  was  great  when,  after  forcing  my  way 
through  the  dense  thickets,  I  reached  the  top  of  the  hill,  and  found  a  large 
kettle-shaped  depression,  the  sides  of  which  were  solid  walls  of  ice  fifty  feet 
high.  This  showed  at  once  that  the  supposed  hill  was  really  the  extremity  of 
a  glacier,  long  dead  and  deeply  buried  beneath  forest-covered  debris.  In  the 
t)ottom  of  the  kettle-like  depression  lay  a  pond  of  muddy  water,  and,  as  the 
loe-cliffs  about  the  lakelet  melted  in  the  warm  sunlight,  miniature  avalanches 
of  ice  and  stones,  mingled  w^ith  sticks  and  bushes  that  had  been  undermined, 
frequently  rattled  down  Its  sides  and  splashed  into  the  waters  below.  BHirther 
examination  revealed  the  fact  that  scores  of  such  kettles  are  scattered  over 
the  surface  of  the  buried  glacier.  This  ice-stream  is  that  designated  the 
Galiano  glacier  on  the  accompanying  map." 

The  photographs  which  Professor  Russell  took  of  Galiano  glacier  show 
clearly  that  its  lower  end  was  then  completely  covered  with  alder  thicket 


*  National  Geographic  Magazine,  vol.  3,  1891,  p.  89. 
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(plate  13,  figure  1).    They  moreover  reveal' the  fact  that  there  was  an 
extensive  alluvial  fan  southwest  of  the  alder-covered  glacier  terminus. 

Condition  in  1905. — On  our  visit  to  this  region  in  1905  we  were 
greatly  surprised  and  puzzled*  by  the  fact  that  Galiano  glacier  no  longer 
supported  an  alder  thicket  (plate  13,  .figure  2).  On  investigation  we 
found  much  wood  scattered  over  the  moraine-covered  terminus  of  the 
glacier,  and  even  battered  stumps  in  place.  We  were  further 
puzzled  by  the  fact  that  the  alluvial  fan,  which  shows  clearly  in  Russell's 
pictures,  was  no  longer  present  (compare  figures  1  and  2,  plate  13).  In 
its  place  there  is  much  moraine,  over  certain  portions  of  which  wood 
fragments  are  scattered  (plate  14),  as  if  alder  and  cottonwood  growth  had 
been  destroyed.  The  glacial  streams  now  wind  through  this  moraine  in  a 
multitude  of  channels,  and  their  deposits  are  rapidly  burying  the 
morainic  hummocks  (plate  14).  There  is  every  appearance  of  having 
b(»en  an  upward  thrust  through  an  alluvial  fan,  destroying  it,  throwing 
do^Ti  vegetation  wherever  it  grew,  and  leaving  scattered  morainic  hum- 
mocks in  place  of  the  fan.  The  signs  of  this  disturbance  extend  over  a 
bulb-shaped  area  to  a  distance  of  3  or  4  miles  from  the  visible  terminus 
of  Galiano  glacier. 

The  explanation  of  such  a  remarkable  change  seemed  so  difficult  to  us 
that  in  our  preliminary  report  we  did  not  discuss  it  fully.  Nevertheless 
we  were  even  then  forced  to  the  conclusion  that  between  1890  and  1905 
there  must  have  been  a  forward  thrust  of  Galiano  glacier  which  broke  up 
a  bulb-shaped  expansion  of  the  glacier  that  was  buried  beneath  alluvial 
fan  deposits  of  the  glacial  streams.  We  searched  carefully  for  evidence 
of  buried  ice  in  this  area,  but  found  no  definite  proof  of  it,  although  from 
the  larger  areas  of  morainic  hummocks  there  was  far  more  water  emerg- 
ing, and  with  lower  temperature,  than  could  be  accounted  for  by  the  nor- 
mal run-off  of  rainfall.  Moreover,  there  were  numerous  water-filled  pits 
in  the  moraine,  proving  recent  sinking,  but  none  in  which  we  could  be 
positive  that  the  settling  was  still  in  progress. 

In  the  light  of  the  observations  of  1906  I  am  convinced  that  these 
changes  are  to  be  correlated  with  the  changes  which  were  observed  in  the 
other  glaciers  described  in  this  paper,  and  that  a  few  years  ago  the 
Galiano  glacier  was  subjected  to  a  forward  thrust  similar  to  that  now 
affecting  Variegated,  Haenke,  and  Atrevida  glaciers.  The  effect  of  this 
thrust  has  now  died  out  and  the  glacier  is  returning  to  its  normal  condi- 
tion, although  as  yet  the  alder  has  not  again  taken  root  on  the  moraine 
and  the  alluvial  fans  have  not  yet  again  buried  the  moraine  of  the  out- 


*  Tarr  and  Martin :  Bull.  American  Geographical  Society,  vol.  3S,  1906,  p.  152. 
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lying,  bulb-shaped  terminus.  If  this  is  the  true  interpretation  of  the 
phenomenon,  as  it  seems  to  be,  we  may  expect  that  the  other  advancing 
glaciers  will  also  soon  cease  their  forward  movement  and  return  to  their 
former  state  of  stagnation. 

There  is  a  special  reason  why  Galiano  glacier  might  well  have  been 
early  aifected  by  the  cause  which  is  pushing  these  glaciers  forward.  It 
occupies  a  valley  with  steeply  rising  walls,  from  which  the  snow  might 
easily  be  shaken  down,  and  is  so  short  that  the  effect  of  such  an  unusual 
accession  of  supply  would  quickly  be  transferred  to  the  outer  margin  of 
the  glacier  (plate  13).  A  comparison  of  KusselFs  photographs  with  the 
conditions  of  1905  shows  clearly  that  there  has  actually  been  a  great 
downf ailing , of  snow  and  ice  since  his  photograph  was  taken  (compare 
figures  1  and  2,  plate  13).  Large  areas  of  the  steeply  sloping  mountains 
which  were  then  covered  with  snow  and  ice  are  now  bare  rock. 

ATREVIDA   GLACIER 

Condition  in  1905. — The  Atrevida  glacier  (plates  15-19)  descends 
through  a  broad,  steep-sided  mountain  valley,  and  on  its  emergence 
spreads  out  in  a  fan-shaped  piedmont  terminus.  Where  it  emerges  from 
its  mountain  valley  it  is  somewhat  more  than  a  mile  in  width,  but  outside 
of  the  moimtains  it  attains  a  width  of  not  less  than  3  miles. 

In  August,  1905,  the  lower  part  of  this  glacier  was  covered  with  a 
broad  sheet  of  moraine,  almost  completely  obscuring  the  ice,  and  extend- 
ing from  well  within  the  mountain  valley  to  the  tenninus  of  the  glacier. 
On  the  outer  portion  of  this  moraine-covered  ice  there  was  a  dense  aider 

« 

thicket,  so  obscuring  the  moraine*  that  it  was  impossible  from  distant 
views  to  tell  where  the  glacier  ended. 

At  this  time  it  was  easily  possible  to  travel  over  any  part  of  the  glacier 
excepting  the  alder-covered  portion,  where  the  dense  growth  of  vegetation 
obstructed  the  way.  With  my  party  1  looked  down  on  the  glacier  from 
the  mountains  which  rise  directly  above  its  eastern  margin;  later  we 
made  a  trip  out  to  the  middle  of  the  glacier;  and  still  later  Messrs  Martin 
and  Butler  crossed  it  on  their  way  to  Blossom  island,  following  the  route 
which  Russell  took  in  1890.  At  that  time  a  mature  spruce  forest  ex- 
tended close  up  to  the  moraine-covered  eastern  edge  of  the  ice,  and  a 
stream  emerged  from  the  extreme  eastern  margin  through  a  tunnel  which, 
so  far  as  we  could  see,  was  exactly  as  it  was  when  Russell  photographed 
it  in  1890.     (See  plate  10,  National  Geographic  Magazine,  vol.  3,  1891.) 

The  appearance  of  Atrevida  glacier  was  that  of  a  rapidly  wasting  ice- 
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tongue,  almost  if  not  entirely  stagnant  in  its  bulb-shaped  terminus.  In 
but  one  section  was  pronounced  crevassing  seen,  and  that  extended  over 
only  a  small  area,  in  which  the  ice  was  bulged  upward  into  a  small  dome. 
This  was  so  exceptional  a  feature  in  the  desert  of  morainic  waste  that  we 
took  a  photograph  of  it  (plate  15,  figure  1),  interpreting  it  then  as  the 
n^sult  of  some  obstacle  over  which  the  glacier  was  flowing.  Unfortu- 
nately this  was  the  only  photograph  taken  of  Atrevida  glacier — a  fact 
which,  however,  indicates  how  little  of  exceptional  interest  this  particular 
glacier  presented  in  1905. 

Swinging  past  Terrace  point,  which  bounds  the  outer  end  of  the  valley 
portion  of  the  glacier  on  its  western  side,  the  Atrevida  coalesces  with  the 
stagnant  terminus  of  Lucia  glacier,  which  had  in  1905,  and  retained  in 
1906  (plate  17,  figure  2),  the  same  characteristics  as  those  described 
above  for  the  Atrevida. 

Condition  in  1906. — It  was  our  intention  in  1906  to  cross  the  Atrevida 
on  our  way  westward  across  Malaspina  glacier,  and  until  we  had  reached 
its  very  edge,  late  in  June,  1906,  we  had  no  intimation  of  the  striking 
change  which  had  occurred  in  ten  months  (compare  figures  1  and  2, 
plate  15).  The  alder-covered  margin,  which  we  ascended  with  such  ease 
in  1905,  was  now  transformed  to  a  steep,  jagged  ice-cliff  from  which  the 
vegetation  had  been  stripped,  down  which  moraine  and  boulders  were 
steadily  sliding,  and  from  which  huge  fragments  of  ice  were  tumbling 
(plate  17,  figure  1).  The  margin  of  the  glacier  had  advanced  somewhat 
and  now  rested  in  the  fringing  forest,  which  was  being  destroyed  by  the 
falling  of  ice-blocks  and  boulders  into  it  (plate  16,  figure  1).  By  this 
advance  spruce  trees  over  a  half  century  old  were  overturned,  upmottnl, 
and  l)attered  by  the  forward  thrust  and  the  falling  blocks  of  rock  and 
ice  (plate  17,  figure  1).  So  frequent  were  these  falls  of  ice  and  rock 
that  traveling  along  tlie  margin  was  distinctly  hazardous,  and  so  steep  and 
jagged  was  the  margin  of  the  glacier  that  it  could  be  ascended  only  by 
the  use  of  ice-axes  and  the  hewing  of  steps  in  the  ice. 

The  sliding  down  of  the  moraine  along  the  marginal  ice-cliff  was  form- 
ing a  talus  which  was  rapidly  advancing  into  the  forest  and  including 
battered  tree  fragments — veritable  tree  trunk  boulders.  Where  small 
streams  descended,  new  alluvial  fans  were  spreading  out  over  the  moss- 
covered  floor  of  the  spruce  forest.  The  ice-margin  was  indeed  the  scene 
of  rapid  changes. 

The  advancing  glacier  had  destroyed  the  ice-cave  from  which  the 
stream  issued  in  the  previous  summer,  and  the  stream  now  issued  from 
the  very  base  of  the  ice,  beneath  a  broken  and  faulted  ice-cliff  in  which 
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there  was  distinct  evidence  of  thrust  faulting  (plate  16,  figure  2).  At 
this  point  the  forward  movement  of  the  glacier  is  estimated  to  have 
pushed  the  tenninus  ahead  not  less  than  100  yards. 

It  was  evident  not  only  that  the  ice  had  advanced  and  become  broken 
during  the  period  of  ten  months  since  we  last  saw  it,  but  that  it  was 
even  then  moving  fon^'ard.  By  this  movement  great  crevasses  had  been 
opened  and  the  ice,  hitherto  blanketed  by  a  thick  cover  of  moraine,  with 
forest  superimposed  on  it  in  places,  was  now  exposed  to  rapid  ablation. 
As  a  result  of  this  marked  increase  in  exposure  of  ice  to  melting,  great 
streams  of  turbid  water  were  running  away  from  the  margin  and  down 
through  the  forest,  where  during  the  previous  summer  there  had  been 
only  trickling  brooks  of  clear  water  which  seeped  through  the  morainic 
soil  as  the  underlying  ice  slowly  melted.  Some  of  these  streams  flowed 
where  there  had  previously  been  no  channel,  and  these  were  destroying 
the  forest  by  the  deposit  of  sediment.  Others,  occupying  former  brook 
beds,  had  cut  them  deeply,  especially  where  flowing  through  loose  mo- 
raine. Altogether  it  was  a  wonderful  transformation  for  so  short  a 
period,  and  its  effect  was  shown  in  Dalton  creek,  the  main  glacial  stream 
from  the  Atrevida,  which  was  greatly  swollen  as  compared  to  its  condi- 
tion in  the  previous  summer. 

The  next  day,  on  ascending  the  low  mountain  which  borders  the  east- 
em  margin  of  the  Atrevida,  we  had  a  bird's-eye  view  of  the  glacier  from 
the  same  point  where  we  had  looked  down  on  it  the  previous  summer 
(plate  18).  The  change  observed  from  this  point  of  view  was  even  more 
remarkable  than  that  witnessed  at  the  margin.  The  easily  traversed, 
undulating  surface  of  the  moraine-covered  outer  portion  Ijeyond  the 
mountain,  and  that  part  farther  up  the  valley  which  in  1905  was  clear  ice 
and  snow,  were  now  transformed  to  a  labyrinth  of  crevasses  extending 
from  one  side  of  the  glacier  to  the  other.  Melting  had  in  places  trans- 
formed the  crevassed  surface  to  pinnacled  ice  resembling  that  of  a  typical 
valley  glacier  ice-fall.  It  had  also  allowed  so  much  of  the  moraine 
veneer  to  slide  into  the  crevasses  that  the  surface  was  no  longer  an  undu- 
lating waste  of  moraine,  but  a  broken  mass,  fully  half  of  whose  area  con- 
sisted of  clear  glacier  ice. 

The  zone  of  crevassing  extended  from  near  the  head  of  the  valley  far 
out  beyond  the  mountain  base  into  the  alder-covered  terminal  portion. 
It  gradually  died  out  in  a  series  of  great  concentric  gashes,  bringing  to 
view  clear  ice  in  the  alder  thicket  (plate  18).  The  crevasses  were  cres- 
centic  and  roughly  parallel  to  the  bulb-like  expansion  of  the  glacier  be- 
yond the  mountain  front.     By  the  breaking  of  the  ice,  and  by  its  melting, 
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the  alder  growth  on  the  glacier  was  being  destroyed,  the  soil  being  re- 
moved from  around  the  roots,  and  the  bushes  themselves  lowered  into  the 
crevasses. 

Later  in  the  summer  we  approached  Atrevida  glacier  again,  this  time 
from  the  western  side,  where  we  looked  down  on  it  from  Terrace  point 
(plates  19  and  15,  figure  2),  From  here  it  was  evident  that  the  ice 
was  pushing  up  against  the  margin  of  Terrace  point,  and  it  was  found 
that  it  had  moved  forward  far  enough  to  cover  the  camp  site  which 
Messrs  Martin  and  Butler  had  occupied  in  the  previous  summer.  We 
have  no  means  of  telling  exactly  how  far  the  ice-margin  had  pushed  for- 
ward here,  but  it  had  evidently  advanced  several  hundred  yards.  Farther 
southward  the  Atrevida  had  pushed  out  into  the  morainic  waste  of  the 
stagnant  Lucia  glacier,  and  its  crevassed  margin  was  distinctly  higher 
than  in  the  previous  summer,  when  the  unbroken,  undulating  surface  was 
not  noticeably  different  either  in  character  or  in  level  from  that  of  the 
Lucia  (plate  17,  figure  2). 

Contrast  with  Lucia  glacier. — According  to  Mr  Butler,  who  was  on 
both  expeditions,  the  lower  stagnant  portion  of  Lucia  glacier  shows  no 
change  in  the  ten  months  between  the  two  visits  to  it  (plate  17,  figure  2). 
He  believes,  however,  that  above  Floral  pass  there  is  far  more  crevassed 
ice  than  there  was  in  1905.  It  is  therefore  possible  that  a  wave  of  ad- 
vance is  in  progress  in  the  Lucia,  but  that  it  has  not  yet  affected  the 
expanded  lower  portion.  Being  a  much  longer  glacier  than  the  Atrevida, 
the  Lucia  might  well  be  expected  to  respond  more  slowly  to  the  impulse 
which  caused  the  1906  f onward  movement  of  the  Atrevida  and  the  still 
earlier  advance  of  the  Galiano. 

PaM  and  future. — In  the  case  of  Atrevida  glacier,  a  long  jwriod  of 
rt»pose  and  wasting  has  terminated  in  a  sudden  forward  rush  of  such  force 
as  to  break  tlie  mi  into  an  impassal)le  sea  of  crevassi»s.  We  do  not  know 
how  long  this  period  of  repose  had  lasted.  It  certainly  dates  back  before 
Russeirs  crossing  in  1890,  and  judging  from  the  maturity  of  the  fringing 
forest  and  of  the  alder  growth  on  its  outer  portion,  it  seems  probable  that 
this  part  of  the  glacier  has  been  essentially  stagnant  and  slowly  wasting 
for  not  less  than  half  a  centurv.  At  the  time  of  our  visit,  the  forward 
thrust  had  not  vet  reached  its  maximum,  and  therefore  we  cannot  tell 
how  much  farther  it  will  extend ;  nor  can  we  predict  whether  its  effects  in 
breaking  the  ice  will  outlast  the  first  rapid  forward  rush.  If  the  Galiano 
glacier  may  be  taken  as  a  guide,  however,  it  may  be  expected  that  the 
fonvard  movement  will  be  short-lived  and  quickly  followed  by  a  period 
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of  repose,  accompanied  by  a  return  of  the  moraine-covered  condition  and 
growth  of  an  alder  thicket  on  the  outer  margin. 

MARVINB  GLACIER 

Previous  condition. — ^We  did  not  visit  this  glacier  (plates  20-23)  in 
1905,  but  had  clear  views  of  it,  through  field  glasses,  from  several  points, 
the  nearest  being  that  obtained  by  Messrs  Martin  and  Butler  on  the  west- 
ern side  of  Floral  pass,  where  only  the  Hayden  glacier  intervened.  Russell 
crossed  it  near  Blossom  island  in  1890,  and  on  his  retreat  in  1891  he  trav- 
eled over  its  seaward  margin  from  point  Manby  to  Kwik  river,  where  it 
forms  the  eastern  part  of  Malaspina  glacier.  Abruzzi  and  Bryant,  in 
1897,  starting  at  Osar  river,  near  point  Manby,  on  the  shores  of  Yakutat 
bay,  entered  on  their  explorations  by  first  crossing  the  seaward  end  of 
that  part  of  Malaspina  glacier  which  is  dominated  by  the  Marvine. 
From  the  description  of  these  explorers,  it  is  evident  that  both  Marvine 
glacier  and  the  eastern  part  of  the  Malaspina,  which  the  Marvine  sup- 
plies, were  then  smooth  and  easily  traversed.  Our  distant  views  in  1905 
led  lis  to  believe  that  it  was  not  then  altered  from  this  condition.  Had 
the  glacier  then  been  crevassed  even  approximately  as  much  as  in  1906, 
when  the  broken  surface  was  readily  visible  from  a  distance,  even  to  the 
naked  eye,  we  surely  could  not  have  overlooked  it. 

Condition  in  190G, — In  July,  1906,  we  traveled  along  the  eastern  mar- 
gin of  the  Malaspina  and  Marvine  glaciers  to  a  point  3  or  4  miles  beyond 
Blossom  island,  returning  in  August  along  the  same  route,  in  each  jour- 
ney crossing  Hayden  glacier  with  ease.  Later  we  skirted  the  seaward 
face  of  the  Malaspina  as  far  as  point  Manby.  We  also  looked  down  on 
it  from  several  high  points,  so  that  in  the  course  of  the  season  we  saw  the 
entire  Marvine  glacier  from  the  sea  well  back  into  its  mountain  valley. 

The  entire  glacier  margin,  from  point  Manby  well  into  the  mountain 
valley  to  the  north  of  Blossom  island,  is  impassably  crevassed.  Where 
Marvine  glacier  emerges  from  the  mountains  it  is  a  sea  of  crevasses  from 
side  to  side  and  as  far  up  the  valley  as  we  could  look  (plate  20,  fig- 
ure 1).*  It  is  therefore  now  utterly  impossible  to  cross  this  glacier 
where  Russell  traveled  over  it  so  easily  in  1890.  From  this  point  to  the 
sea,  a  distance  of  not  less  than  15  miles,  the  piedmont  ice  plateau  is 
broken  by  a  maze  of  crevasses,  rendering  the  entire  eastern  portion  of 
Malaspina  glacier  now  impassable  (plate  20,  figure  2).     This  crevassed 


•  Owing  to  an  accident*  by  which  I  was  upset  In  the  Kwlk  river,  the  photographic 
plates  which  were  In  my  pack  were  In  the  water  about  five  minutes,  which  accounts  for 
the  had  condition  of  this  and  some  of  the  other  pictures. 

XXIV — Bull.  Geol.  Soc.  Am.,  Vol.  18,  1906 
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area  broadens  seaward,  starting  with  a  width  of  3  or  4  miles  at  the 
mouth  of  the  mountain  valley  and  expanding  to  a  width  of  over  10  miles 
near  the  sea. 

In  the  mountain  valley  the  crevassing  has  produced  a  jagged,  pin- 
nacled ice  surface  (plate  20,  figure  1),  but  out  in  the  expanded  portion 
of  the  Malaspina  piedmont  area  the  crevasses  form  great  rents,  with  many 
table-top  areas  between — remnants  of  the  former  level-topped  ice-plateau 
Owing  to  the  elevation,  the  snow  had  not  completely  disappeared  from 
this  section  in  July ;  so  that,  excepting  along  the  glacier  margin,  melting 
had  not  yet  greatly  modified  the  area  between  the  crevasses.  This  fact 
clearly  points  to  the  conclusion  that  the  crevassing  is  a  result  of  move- 
ment in  the  season  of  1906 ;  for  if  the  broken  surface  had  been  exposed 
longer  to  the  air,  melting  would  necessarily  have  produced  much  greater 
effect  in  rounding  off  the  table-topped  areas  between  the  crevasses. 

That  the  advance  of  Marvine  glacier  was  in  progress  during  the  sum- 
mer of  1906  was  abundantly  proved.  The  margin  of  the  glacier  was 
being  pushed  forward  into  the  form  of  a  jagged  ice-cliff  resembling  that 
of  Atrevida  glacier  (plate  21).  During  this  forward  push  the  ice  had 
been  broken  into  great  blocks,  and  the  morainic  soil,  which  varied  in 
depth  from  2  to  15  feet,  had  been  greatly  disturbed.  The  broken  ice- 
blocks,  stained  by  a  veneer  of  debris  washed  down  over  them,  reminded 
one  of  some  of  the  frost-riven  granite  cliffs  of  New  England,  and  at  a 
distance  looked  far  more  like  rock  than  ice.  Ice-blocks  were  seen  to 
tumble  from  the  glacier  margin  as  we  passed  along  it,  and  the  morainic 
soil  was  constantly  falling  from  the  cliff  and  being  incorporated  in  the 
new  talus  slopes  and  alluvial  fans. 

By  exposing  to  the  air  so  much  ice  that  had  previously  been  deeply 
blanketed  beneath  moraine  and  forest,  melting  was  greatly  increased,  in- 
numerable new  streams  were  developed  (plate  23),  and  the  volume  of 
Kwik  river  greatly  augmented.  That  this  process  was  then  actually  in 
progress  was  clearly  proved  by  the  changes  which  occurred  during  the 
month  that  elapsed  between  our  journey  to  Blossom  island  and  our 
return.  In  this  interval  some  of  the  streams  had  grown  noticeably  in 
volume  and  headed  farther  back  in  the  crevassed  ice,  in  some  cases  having 
developed  ice-tunnels;  the  talus  slopes  and  alluvial  fans  had*  grown  in 
area,  and  in  places  the  ice-margin  had  become  distinctly  altered  in  form. 

By  the  forward  thrust  and  breaking  of  the  ice,  the  forest  growth  on  it 
was  being  destroyed  (plate  22).  Many  of  the  trees  were  inclined  at 
various  angles ;  others  had  fallen  down  the  ice-front  or  into  the  crevasses ; 
and  large  numbers  were  seen  or  heard  to  fall  during  our  passage  along 
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Change  in  subglacial  stream  course. — One  rather  peculiar  effect  of  the 
advancing  Marvine  glacier  was  illustrated  at  Blossom  island,  situated  in 
the  bay  where  the  western  margin  of  the  Hayden  and  eastern  margin  of 
Marvine  glaciers  unite.  Streams  supplied  from  the  Marvine,  and  from 
several  small  valley  glaciers,  unite  here  to  form  a  fairly  good-sized  river, 
which,  after  expanding  in  a  small  lake  at  the  ice-margin,  emerges  to  pass 
into  a  subglacial  timnel,  from  which  it  escapes  as  the  Kwik  river  after  a 
journey  of  5  miles  imder  the  ice. 

Just  before  our  visit  the  Blossom  Island  lake  had  been  greatly  enlarged, 
covering  an  area  several  times  its  present  size  and  rising  25  or  30  feet 
above  its  present  level.  The  proof  of  this  rise  was  the  presence  of  a 
recently  deposited  layer  of  fine  glacial  mud,  the  occurrence  of  stranded 
icebergs  above  the  lake  level,  and  the  retarded  development  of  vegetation. 
In  the  areas  that  had  been  submerged  the  annual  plants  had  only  just 
begun  to  sprout,  although  it  was  the  middle  of  July,  and  the  alders  and 
willows  had  only  begun  to  put  out  their  leaves,  while  some  of  the  bushes 
nearer  the  lake  had  not  begun  to  sprout. 

In  seeking  a  cause  for  this  expansion  of  the  Blossom  Island  lake,  we 
found  that  the  course  of  the  outflowing  stream  had  been  entirely  changed. 
Formerly  it  had  flowed  out  through  a  small  bay  in  the  ice  at  the  junction 
of  Hayden  and  Marvine  glaciers,  doubtless  disappearing  in  an  ice-tunnel. 
The  forward  push  of  Marvine  glacier  had  evidently  destroyed  this  tunnel, 
but  it  had  not  completely  destroyed  the  bay  in  the  ice  through  which  the 
water  flowed  on  its  way  to  the  tunnel.  Aboiit  a  mile  to  the  north  a  new 
outlet  had  been  developed  under  Hayden  glacier,  which  is  not  subjected 
to  the  forward  thrust.  The  newness  of  this  outlet  was  proved  by  the  fact 
that  the  great  torrent  of  water  was  rushing  under  the  glacier  without  the 
development  of  an  arch.  The  current  licked  the  ice-foot  at  the  base  of  a 
cliff  fully  200  feet  high,  from  which  large  masses  of  ice  were  falling  every 
few  minutes.  Occasionally  great  slices,  thousands  of  tons  in  weight, 
slumped  into  the  torrent  to  be  swept  in  piwes  under  the  glacier.  By  this 
action  a  bay  over  a  hundred  yards  long  had  already  been  eaten  into  the 
glacier;  and  beyond  this,  for  a  distance  of  several  hundred  yards,  the  ice 
under  which  the  stream  flows  is  broken  by  slumping. 

The  shifting  of  a  subglacial  stream  course  by  the  advance  of  Marvine 
glacier,  evidently  the  work  of  the  season  of  1906,  is  therefore  another  of 
the  peculiar  effects  accompanying  the  remarkable  advance  of  the  glaciers 
of  this  region.  When  the  new  outlet  was  opened  it  must  have  caused  a 
sudden  increase  in  the  volume  of  the  Kwik.  In  fact,  it  is  probable  that 
our  packers  witnessed  it;  for  a  cache  containing  most  of  our  provisions, 
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placed  one  evening  in  what  seemed  a  safe  position,  was  swept  away  early 
the  next  morning  by  a  sudden  rise  in  the  river. 

OTHER  TRIBUTARIES  TO  MALASPINA   GLACIER 

Between  the  advancing  Atrevida  and  Marvine  glaciers  lie  Lucia  and 
Hayden  glaciers.  It  has  been  stated  that  the  former  may  possibly  be  ad- 
vancing in  its  upper  portion ;  but  there  is  no  sign  of  any  advance  in  the 
Hayden.  It  pushes  down  to  and  coalesces  with  the  Marvine,  slightly  de- 
flecting it,  but  not  contributing  greatly  to  the  ice-supply  of  Malaspina 
glacier.  For  a  short  distance  near  the  head  of  the  Kwik,  ice  supplied  by 
Hayden  glacier  forms  the  eastern  margin  of  the  Malaspina,  and  in  this 
section  there  is  little  crevassing;  but,  with  the  exception  of  this  small 
area,  there  is  no  place  between  point  Manby  and  Blossom  island  where 
one  can  ascend  to  the  surface  of  Malaspina  glacier  without  encountering 
almost  impassable  crevasses. 

West  of  Marvine  glacier  the  Seward  emerges  from  Us  mountain  valley, 
spreading  out  to  form  a  portion  of  the  Malaspina  ice-plateau.  From  a 
distant  view  that  part  of  the  Malaspina  which  Seward  glacier  supplies 
does  not  appear  to  be  greatly  crevassed,  the  broken  area  dominated  by  the 
Marvine  ending  quite  distinctly  where  it  comes  in  contact  with  the  ice 
supplied  by  Seward  glacier;  but  where  the  Seward  emerges  from  its 
mountain  valley,  there  is  a  great  deal  of  crevassing.  Benno  Alexander,  a 
member  of  my  party,  accompanied  the  Duke  of  Abruzzi  on  his  ascent  of 
mount  Saint  Elias,  in  the  course  of  which  he  frequently  traversed  Seward 
glacier.  On  viewing  this  glacier  from  the  crest  of  Blossom  island  in 
1906,  Alexander  was  convinced  that  itwas  far  more  crevassed  than  in  1896. 
He  states  that  in  1896  it  was  easy  sledging  across  that  part  of  Seward 
glacier  where  now,  from  a  distant  view,  it  seems  that  sledding  would  not 
be  possible.  This  suggests  that  possibly  Seward  glacier  is  also  advancing, 
but  that  the  wave  has  not  yet  affected  the  more  stagnant  piedmont 
terminus  in  the  Malaspina  ice-plateau. 

SUMMARY  OF  OBSERVATIONS 

The  facts  above  stated  for  individual  glaciers  show  that  there  is  a  re- 
markable change  in  progress  in  at  least  several  of  the  many  valley  glaciers 
of  the  Yakutat  Bay  region.  This  change  is  in  the  nature  of  a  paroxysmal 
thrust,  as  a  result  of  which  the  ice  is  badly  broken,  as  if  a  push  from 
behind  had  been  applied  with  such  vigor  as  to  break  the  rigid,  resisting 
ice-mass  in  front.     The  effect  of  this  thrust  is  in  each  case  felt  from  far 
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up  the  mountain  valley  well  down  toward  the  terminus  of  the  glacier,  and, 
in  the  case  of  Marvine  glacier,  to  the  very  end. 

In  both  Variegated  and  Atrevida  glaciers  the  ice  has  been  broken  for 
a  distance  of  from  5  to  7  miles ;  in  Marvine  glacier  the  breaking  extends 
fully  15  or  20  miles.  The  crevassing  in  all  cases  extends  completely  across 
the  valley  portion  of  the  glacier  and  down  into  the  stagnant  or  nearly  stag- 
nant moraine-covered  margin.  In  all  cases  the  thrust  is  accompanied  by 
a  distinct  forward  movement  at  the  terminus,  and  in  at  least  three 
cases — the  Variegated,  Haenke,  and  Atrevida  glaciers — there  has  been  a 
distinct  thickening  of  the  ice  as  a  result  of  the  forward  thrust.  It  is 
probable  that  there  has  also  been  a  thickening  in  Marvine  glacier,  but 
since  we  did  not  visit  it  in  1906,  we  have  no  comparative  observations  on 
which  to  base  a  definite  statement. 

The  remarkable  advance  of  these  glaciers  is  recent,  and,  in  the  case  of 
four  of  them,  has  mainly,  if  not  entirely,  occurred  in  the  ten  months 
preceding  June,  1906.  Not  only  is  the  movement  recent,  but  it  was 
actively  in  progress  at  the  time  of  our  visit  in  the  summer  of  1906.  In 
at  least  one  case,  that  of  Galiano  glacier,  a  forward  movement  has  oc- 
curred and  died  out  during  the  interval  between  1890  and  1905.  There 
are  indications  that  an  advance  is  beginning  in  some  of  the  glaciers,  nota- 
bly the  Lucia  and  the  Seward,  but  there  are  others  which  show  neither 
signs  of  the  coming  of  such  an  advance  nor  of  its  having  already  come 
and  gone. 

From  these  facts  it  appears  that,  for  some  reason,  there  is  a  striking 
and  rapid  change  in  progress  in  the  glaciers  of  the  Yakuiat  Bay  region, 
interrupting  a  period  of  long  quiet  and  affecting  different  glaciers  at 
different  times.  One  glacier  has  passed  through  the  cycle  of  change; 
others  entered  on  it  in  1906 ;  still  others  show  signs  of  the  beginning  of 
such  a  cycle ;  but  in  other  cases  there  are  no  indications  of  its  approach. 

Consideration  op  Hypotheses 
the  problem  to  be  solved 

Such  a  remarkable  change  in  the  condition  of  glaciers  as  to  transform 
an  unbroken,  moraine-covered  valley  glacier  to  a  sea  of  crevasses  in  the 
short  interval  of  ten  months — a  phenomenon,  so  far  as  I  know,  not  hith- 
erto recorded — calls  for  a  special  explanation.  The  phenomena  in  the 
field  clearly  prove  that  there  has  been  a  wave  of  advance  passing  through 
the  glaciers  with  such  rapidity  as  to  break  the  ice,  instead  of  causing  a 
slow  forward  movement,  such  as  commonlv  results  from  normal  climatic 
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changes.     This  fact  demands  for  its  explanation  a  cause '  suflSciently 
powerful  to  start  such  a  rapid  wave. 

HYPOTHESIS  OF  CLIMATIC   CAUSES 

« 

In  seeking  an  explanation  for  the  advance  of  a  glacier,  one  naturally, 
first  of  all,  considers  climatic  causes.  In  the  attempt  to  apply  this  ex- 
planation to  the  case  in  hand,  two  serious  difficulties  have  arisen.  In  the 
first  place,  no  such  profound  result  from  climatic  variation  has  ever  been 
noticed  before.  In  the  second  place,  it  seems  impossible  that  the  amount 
of  additional  snowfall  required  to  start  such  a  tremendous  wave  of  ad- 
vance could  be  supplied  by  seasonal  variations,  for  it  would  mean  a  sud- 
den and  great  increase  in  the  snowfall,  interrupting  a  half  century  of 
fairly  uniform  conditions.  There  is  no  direct  evidence  against  this 
hypothesis,  for  we  have  no  rainfall  records  in  this  region ;  but  nevertheless 
we  seem  warranted  in  dismissing  it  merely  on  the  basis  of  improbability, 
for  such  a  profound,  sudden  change  in  climate  would  of  itself  be  more 
remarkable  than  the  phenomenon  which  we  are  called  on  to  explain. 

HYPOTHESIS  OF  POSSIBLE  UPLIFT 

A  second  hypothesis  that  has  been  considered  is  that  of  uplift.  Con- 
cerning this,  also,  we  have  no  definite  facts  to  advance;  but  against  it 
may  be  argued  the  improbability  of  so  decided  a  change  in  so  short  a 
time  as  to  profoundly  disturb  the  glaciers  radiating  from  a  mountain 
center.  To  produce  such  an  effect,  an  uplift  would  need  to  amount  to  at 
least  hundreds  of  feet  and  to  take  place  in  a  brief  interval  of  time.  In  fact, 
since  the  glaciers  all  head  in  lofty,  snow-covered  mountains,  up  whose 
slopes  damp  ocean  winds  rise  and  on  which  the  snow-cover  descends  to 
within  two  or  three  thousand  feet  of  sealevel,  it  is  very  doubtful  if  the 
amount  of  snowfall  on  the  mountains  would  be  greatly  increased,  even  if 
there  had  been  a  sudden  uplift  of  hundreds  of  feet.  This  hypothesis  is  so 
utterly  improbable  that  it  also  may  be  dismissed  without  further  con- 
sideration. 

HYPOTHESIS  OF  CHANGE  OF  GRADE 

• 

We  gave  consideration  to  the  hypothesis  of  change  of  grade  in  the  valley 
glaciers  as  a  result  of  alterations  of  level  accompanying  the  earthquake  of 
1899.  This  explanation  also  lacks  probability,  for  a  change  in  grade 
sufficient  to  transform  a  nearly  stagnant  valley  glacier  to  one  as  badly 
crevassed  as  an  ice-fall  is  wholly  unlikely.  Moreover,  in  the  case  of 
Atrevida  and  Variegated  glaciers  at  least,  the  grade  was  essentially  the 
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same  in  1906  as  in  1905,  and  in  both  cases  it  was  far  too  low  to  account 
for  movement  rapid  enough  to  so  break  the  ice  (plates  8  and  19).  It 
is  evident  that  the  cause  of  the  crevassing  must  be  sought  not  in  the  in- 
fluence of  grade,  but  in  an  acceleration  of  motion  due  to  a  push  from 
upstream,  acting  on  low  grade  glaciers  whose  forward  motion  up  to  1905 
was  so  slight  as  to  admit  of  the  concentration  of  surface  morainic  debris. 

HYPOTHBBia  OF  BREAKING  BY  EARTHQUAKE  SHOCKS 

Two  hypotheses  involving  earthquake  effect  were  considered  and  quickly 
dismissed.  One  of  these  was  that  some  recent  earthquake  had  so  shaken 
the  region  as  to  break  the  ice  into  the  condition  observed  in  1906.  This 
hypothesis  was  readily  disproved  on  inquiry,  when  it  was  found  that  there 
has  been  no  notable  earthquake  in  the  Yakutat  Bay  region  since  1899. 

The  second  earthquake  hypothesis  was  that  the  shock  of  1899  was  re- 
sponsible for  the  conditions  of  1906  by  actually  breaking  the  ice,  though 
the  effects  are  only  just  now  appearing  at  the  surface.  Numerous  facts 
disprove  this  improbable  hypothesis,  the  most  fatal  being  the  convincing 
evidence  of  forward  movement  actually  in  progress  in  the  summer  of 
1906.  As  has  been  shown  above,  the  charge  is  associated  with  and  appar- 
ently the  result  of  a  fon^'ard  push,  so  that  any  hypothesis  which  does  not 
include  this  is  necessarily  eliminated. 

HYPOTHESIS    OF   SNOW    SUPPLY   RESULTING   FROM    EARTHQUAKE    SHAKING 

This  hypothesis  is,  in  a  word,  that  during  the  earthquakes  of  1899  the 
mountains  from  which  the  snow  supply  of  these  glaciers  is  derived  were 
so  vigorously  shaken  that  great  avalanches  of  snow  and  rock  were  thrown 
down  to  the  n6v6,  starting  a  vigorous  wave  of  advance  whose  effects  have 
now  reached  the  glaciers  described  above.  Of  all  the  hypotheses  which 
have  suggested  themselves,  this  alone  seems  capable  of  explaining  the 
phenomena.  Opposing  it  no  facts  have  been  discovered,  while  there  is 
much  in  its  favor. 

The  earthquake  of  1899  was  of  unusual  vigor.*  Throughout  a  period 
of  seventeen  days  the  region  was  subjected  to  earthquake  shocks,  some  of 
which  were  of  exceptional  strength,  notably  those  on  September  10  and 
September  15.  The  most  violent  shocks  were  so  strong  that  they  were 
plainly  recorded  on  the  seismographs  in  Europe,  Japan,  and  at  cape  of 
Good  Hope.  During  these  earthquakes  the  coastline  of  Yakutat  bay  was 
greatly  deformed — in  one  place,  on  the  west  side  of  Disenchantment  bay, 
the  beach  being  hoisted  forty-seven  feet  above  sealevel.     The  people  living 
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at  Yakutat,  tlie  nearest  inhabited  point,  report  long-continued,  terrifying 
shaking  of  the  ground.  Some  prospectors  who  were  in  camp  near 
Variegated  glacier  made  a  similar  report,  adding  to  it  the  statement  that 
during  the  most  violent  shaking  the  air  was  filled  with  noises  like  thunder, 
as  huge  avalanches  of  snow  and  rock  descended  the  neighboring  moun- 
tain slopes. 

There  can  be  little,  if  any,  question  that  during  these  shocks  immense 
quantities  of  snow  and  rock  were  thrown  down  from  the  steep  mountain 
slopes.  The  snowline  descends  to  within  two  or  three  thousand  feet  of 
sealevel,  and  the  mountains  rise  to  elevations  of  from  ten  to  fifteen  thou- 
sand feet,  so  that  the  snow-covered  slopes  occupy  a  great  area  (plate  11). 
By  glacial  erosion  and  other  forms  of  denudation  the  valley  slopes 
have  been  greatly  steepened,  and  therefore  over  large  areas  the  snow  lies 
in  very  unstable  positions.  Even  under  ordinary  conditions  snow  ava- 
lanches may  be  seen  at  almost  any  time  among  these  lofty  mountains. 
This  is  especially  true  during  and  after  snowstorms,  which  are  frequent 
in  September,  the  month  during  which  the  earthquake  of  1899  occurred. 
When  to  this  heavy  snow  blanket,  which  mantles  the  steep  mountain 
slopes,  is  added  a  repeated  shaking  of  the  mountains,  it  follows  that  a 
great  and  sudden  addition  to  the  neve  must  in  all  probability  have  taken 
place. 

A  comparison  of  the  present  conditions  with  photographs  taken  by  Pro- 
fessor Bussell  clearly  shows  that  in  some  cases,  at  least,  there  was  a  down- 
shaking  of  materials  from  the  steep  valley  slopes.  In  two  cases  where 
these  comparisons  were  possible — the  valleys  of  Black  and  Galiano  gla- 
ciers— ^there  have  been  notable  changes.  In  Black  Glacier  valley  extensive 
areas,  which  in  1890  were  covered  with  vegetation,  are  now  bare  rock. 
In  Galiano  valley  large  patches  of  snow  and  ice  which  clung  to  the  steep 
slopes  in  1890  have  now  disappeared  (compare  figures  1  and  2,  plate  13). 
In  this  valley  also  the  effects  of  recent  great  avalanches  are  still  plainly 
visible,  and  on  Hayden  glacier  there  is  an  enormous  mass  of  debris  which 
evidently  has  fallen  recently. 

That  therewas  abundant  cause  for  an  unusual  down-sliding  of  snow,ice, 
and  rock  in  1899,  and  that  this  downfalling  actually  did  occur,  I  believe 
the  above  facts  amply  prove.  A  notable  accession  of  supply  in  the  neve 
region,  such  as  these  facts  indicate,  must  of  necessity  start  a  wave  of  ad- 
vance in  the  glacier,  and  this  wave  would  naturally  be  a  great  one — far 
more  powerful  and  sudden  in  its  effects  than  is  liable  to  be  produced  by 
normal  climatic  variations.  One  possible  difficulty  in  the  way  of  accept- 
ance of  the  explanation  here  proposed  is  the  briefness  of  time  for  the 
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transmission  of  this  great  wave;  in  fact,  this  difficulty  has  led  me  to 
question  whether  it  may  not  be  necessary  to  seek  an  explanation  in  an 
earthquake  of  more  remote  date.  Facts  bearing  on  this  question  are  not 
at  hand. 

So  far  as  I  know,  no  similar  phenomenon  is  reported  from  other  re- 
gions for  comparison.  It  is  well  known  that  normal  climatic  yariations 
cause  a  slow  wave  of  advance,  but  exactly  what  would  follow  upon  a  sud- 
den and  abnormal  accession  of  snow  supply  is  not  clear.  So  far  as  I  am 
able  to  consider  the  question,  however,  I  am  led  to  believe  that  it  would 
not  be  proper  to  make  use  of  the  results  of  normal  climatic  variations  as 
an  exact  parallel  in  a  consideration  of  the  effects  which  would  follow 
upon  a  sudden  accession  of  enormous  quantities  of  snow  and  ice.  It 
seems  probable  that  so  great  an  increase  in  supply  would  start  a  wave  of 
such  power  as  to  crowd  upon  the  rigid  and  nearly  stagnant  ice  of  a  wast- 
ing glacier.  Such  a  crowding,  by  applying  a  rapid  thrust  against  the  ice, 
might  well  push  it  so  hard  and  fast  as  to  cause  it  to  slide  forward,  and 
cause  it  to  move  by  massive  breaking  instead  of  by  interstitial  movement. 
It  is  conceivable  even  that  the  effects  of  such  a  wave  might  advance  faster 
than  the  wave  itself. 

To  state  the  latter  point  more  fully,  when  a  great  wave  of  advance, 
starting  in  the  n6v6  region,  reaches  the  glacier  proper,  it  might  exert 
sufficient  pressure  to  push  forward  the  ice  in  front  of  it,  and  thus  cause 
it  to  break,  pile  up,  and  advance  even  down  to  the  very  margin.  In  this 
way  the  effects  of  a  great  wave  of  advance  might  well  extend  clear  to  the 
end  of  the  glacier  long  before  it  would  be  possible  for  a  normal  wave  to 
reach  the  terminus.  Some  such  process  as  this  seems  demanded  by  the 
fact  that  miles  of  ice  are  suddenly,  in  a  period  of  not  over  ten  months, 
changed  absolutely  from  a  surface  easily  traversed  to  a  labyrinth  of 
crevasses. 

If  ice  near  the  bottom  of  the  glacier  is  moving  by  viscous  flow,  the  sud- 
den application  of  pressure,  due  to  great  accession  of  supply,  may  cause 
a  more  rapid  flow  of  the  bottom  layers,  and  thus  greatly  rupture  the  rigid 
upper  layers. 

Glaciers  that  are  not  advancing 

That  some  glaciers  are  advancing  and  others  not,  suggests  the  possibil- 
ity that  there  is  some  selective  action,  as  a  result  of  which  certain  glaciers 
are  immune  from  the  effects  which  have  caused  such  a  remarkable  ad- 
vance in  others ;  but  this  may  be  only  apparent.  •  If  the  cause  for  the 
advance  is  earthquake  shaking,  it  ought  in  time  to  affect  most,  if  not  all, 
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the  glaciers  of  the  region ;  but  there  is  no  reason  to  expect  that  the  effect 
would  occur  at  the  same  time,  or  to  the  same  degree,  in  the  different 
glaciers.  There  are  at  least  three  reasons  why  the  effect  may  vary  in 
time,  or  in  intensity,  or  in  both.  Of  these,  doubtless  the  most  important 
is  the  length  of  the  glacier,  and  in  this  connection  it  is  notable  that  one 
of  the  smallest  glaciers,  •  the  Galiano,  has  already  passed  completely 
through  a  period  of  advance;  and  that  Atrevida  glacier  now  shows  the 
full  effects  of  the  advance,  while  its  longer  neighbor,  the  Lucia,  has  not 
been  affected,  excepting  possibly  in  its  upper  valley  portion.  On  the 
other  hand,  the  long  Marvine  glacier,  a  far  greater  ice-stream  than  the 
Lucia,  has  entered  on  the  maximum  development  of  the  effects,  while 
some  very  short  glaciers,  like  the  Black,  just  south  of  the  Haenke,  show 
neither  signs  of  having  passed  through  the  period  nor  of  its  approach. 

These  contrasts,  however,  may  be  due  to  one  or  both  of  the  other  two 
possible  causes  for  variation  in  the  effects  of  the  earthquake  shaking. 
One  of  these  is  the  steepness  of  the  valley  walls,  especially  in  the  snow- 
field  section;  the  second  is  the  amount  of  snow  available.  Obviously 
there  must  be  great  differences  in  the  steepness  of  the  mountain  slopes 
and  in  the  amount  of  snow  available  in  unstable  position ;  and,  according 
as  these  conditions  favor  or  oppose  a  sudden  increase  in  the  n6v6  supply, 
there  will  be  marked  variations  in  the  rate  and  amount  of  consequent 
advance.  A  possible  fourth  cause  for  variation  in  the  effects  of  the 
earthquake  shaking  is  difference  in  intensity  of  shocks  from  place  to 
place.  While  undoubtedly  the  entire  region  was  severely  shaken,  it  is 
probable  that  some  portions  of  the  area  escaped  with  far  less  disturbance 
than  others,  and  consequently  with  a  much  smaller  addition  to  the  n6ve. 

There  are  therefore  adequate  explanations  for  the  differences  observed 
in  the  condition  of  the  various  glaciers.  Some,  quite  certainly,  will  never 
show  the  effects  of  the  earthquake  shaking;  others,  which  have  not  yet 
advanced,  may  be  expected  to  push  forward  at  a  later  time.  It  cannot  be 
defiBitely  predicted  when  this  will  occur  in  any  individual  case,  but  from 
the  rapidity  with  which  the  advance  has  swept  throughout  the  entire 
length  of  some  of  the  glaciers,  it  seems  probable  that  the  effect  of  the  wave 
will  become  manifest  within  a  very  short  period  of  time  in  all  cases  where 
the  cause  for  the  advance  has  operated.  Therefore  it  may  be  predicted 
that,  in  all  probability,  this  region  will  be  one  of  great  interest  to  glacial 
geologists  in  the  next  few  years.  It  is  highly  probable  that  Malaspina 
glacier,  for  so  long  a  period  a  nearly  stagnant  ice-plateau,  will  become 
crevassed  throughout  its  entire  length,  and,  advancing  along  its  margin, 
possibly  enter  the  sea,  discharging  icebergs  both  into  Yakutat  bay  and  the 
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open  Pacific  along  a  coast  where  at  present  the  glacier  front  is  faced  by 
strips  of  alluvial  fan  and  beach. 

Consideration  of  the  future  Condition 

In  addition  to  the  possible  future  advance  of  other  glaciers,  it  is  inter- 
esting to  consider  what  may  be  expected  to  follow  on  the  advance  of  those 
glaciers  which  have  already  been  affected.  On  this  point  Galiano  glacier 
throws  much  light.  If  we  are  warranted  in  basing  our  conclusions  on  this 
glacier,  we  may  infer  that  in  each  case  the  wave  of  advance  will  soon  die 
out,  that  stagnation  will  follow,  and  that  ablation  will  proceed  to  again 
mantle  the  margins  with  a  cloak  of  morainic  debris. 

Much  of  the  moraine  formerly  available  for  this  mantle  will  have  been 
lost  as  a  result  of  the  breaking  caused  by  the  recent  advance.  Some  of  it 
will  have  tumbled  down  into  the  crevasses,  and  much  of  it  will  have  been 
carried  away  by  the  newly  born  streams.  The  removal  of  this  material 
will  leave  less  to  blanket  the  ice  and  to  prevent  it  from  wasting  away.  For 
this  reason  a  more  decided  recession  of  the  margin  of  the  glaciers  would 
l>e  expected  in  the  immediate  future.  This  more  rapid  recession  may  be 
expected  to  be  increased  by  a  diminished  supply  of  ice;  for,  since  the 
shaking  down  of  quantities  of  snow  in  the  supply  ground  has  in  places 
removed  the  accumulation  of  many  years,  until  such  time  as  its  place  is 
taken  by  additional  snow  accumulation,  there  should  be  a  decided  defi- 
ciency in  supply.  One  may  therefore  fairly  predict  a  distinct  recession 
following  the  notable  present  advance.. 

Geologic  Effects 

The  sudden  breaking  of  extensive  areas  of  glacier  ice  and  the  advance 
of  the  broken  glacier  margins  give  rise  to  some  very  notable  geologic 
changes.  By  the  advance  in  at  least  two  instances,  the  course  of  good- 
sized  glacial  streams  has  been  completely  altered.  The  cracking  of  the 
glaciers  opens  to  ablation  an  enormous  area  of  ice  hitherto  protected  by 
debris  or  buried  beneath  the  surface  of  the  previously  smooth  glacier. 
Our  observations  on  Hayden  glacier  prove  that  in  the  last  of  July  and 
early  August  the  level  ice-surface  is  lowered  4  inches  a  day  by  ablation. 
By  the  great  increase  of  exposed  ice  the  volume  of  water  emerging  from 
the  glaciers  is  quickly  and  enormously  increased.  The  accumulated 
moraine  on  the  surface,  and  particularly  along  the  glacier  margins,  fur- 
nishes an  immense  quantity  of  debris ;  so  that  not  only  is  the  volume  of 
the  glacial  streams  greatly  augmented,  but  their  activity  in  transporting 
and  depositing  sediment  is  increased  many  fold  (plate  23). 
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The  advancing  ice  pushes  against  and  overrides  deposits  previously 
made.  It  also  buries  and  mixes  with  the  deposits  of  debris  the  battered 
fragments  of  both  bushes  and  trees  which  grew  in  front  and  on  the  sur- 
face of  the  glaciers  (plates  21-23).  Under  the  variable  and  ever- 
changing  conditions  accompanying  this  deposit  and  overriding,  there  is 
being  accumulated  a  remarkable  deposit  of  stratified  and  unstratified  ma- 
terial mixed  with  plant  fragments. 

Possible  economic  Effects 

In  this  imsettled  region  the  economic  effects  of  the  sudden  advance  of 
the  glaciers  have  not  been  of  marked  importance ;  but  if  the  advance  ex- 
tends to  the  entire  Malaspina  and  to  the  Hubbard  and  Turner  glaciers, 
there  may  result  some  effects  of  distinct  importance  to  man.  Already 
the  ice-cliff  of  Turner  glacier  has  been  extended  fully  a  mile  (plates  11 
and  12)  and  the  area  of  iceberg  discharge  thereby  greatly  increased.  If 
Turner  and  Hubbard  glaciers  also  push  forward,  the  amount  of  ice  dis- 
charged into  Yakutat  bay  may  far  exceed  that  of  the  present.  If  Malas- 
pina glacier  advances  far  enough  to  enter  Yakutat  bay  and  the  Pacific 
ocean,  as  it  may  possibly  do,  the  discharge  of  icebergs  will  constitute  a 
menace  to  navigation  along  this  coast. 

Farther  to  the  northwest  the  town  of  Valdez  is  situated  on  an  alluvial 
fan  directly  in  front  of  Valdez  glacier.  If  earthcjuake  effects  should  start 
a  wave  of  glacier  advance  there  similar  to  that  witnessed  in  the  Yakutat 
Bay  region,  that  city  would  be  in  danger  both  from  the  advancing  ice  and 
from  the  increased  volume  of  water  discharged  from  it. 

In  several  places  in  Alaska  trails  extend  over  glaciers,  and  such  an  ad- 
vance as  that  in  the  Yakutat  Bay  region  would  of  course  destroy  these. 
In  the  consideration  of  routes  for  railroads,  it  is  proposed,  in  some  in- 
stances, to  lay  the  tracks  over  or  near  the  terminus  of  stagnant  glaciers. 
Such  a  sudden  advance  of  glaciers  as  is  described  above  would  of  course 
completely  interrupt  travel  along  such  routes.  In  this  region  of  frequent 
earthquakes  it  is  not  at  all  unlikely  that  glaciers  of  other  sections  may 
(luring  the  present  century  receive  an  impulse  of  advance  similar  to  that 
which  has  visited  the  Yakutat  Bay  region.  It  is  certainly  a  possibility 
which  ought  to  be  taken  into  consideration  in  building  towns,  roads,  and 
railways. 

Conclusion 

In  a  region  where  the  recent  history  of  the  glaciers  has  been  almost 
uniformlv  one  of  recession,  such  a  sudden  advance  as  has  been  described 
in  this  paper  is  of  interest  and  importance.     So  far  as  is  known  to  the 


286    R.  S.  TARR RECENT  ADVANCE  OF  GLACIERS  IN  ALASKA 

writer,  the  phenomenon  is  unique;  and  yet,  if  the  cause  assigned  is  the 
correct  one,  it  is  one  which  may  well  be  expected  in  those  mountain 
glacier  regions  that  are  subject  to  violent  earthquakes.  In  fact,  if  a  great 
shaking  will  cause  a  profound  forward  movement,  it  is  probable  that  a 
lesser  shaking  will  cause  a  smaller  advance.  It  is  possible  that  some  of 
the  observed  changes  in  the  fronts  of  glaciers  are  attributable  to  former 
earthquakes  instead  of  climatic  changes. 

The  beginning  of  the  advance  in  this  case  has  been  witnessed,  and  there 
is  every  reason  for  believing  that  it  will  be  continued,  and  that  in  the  next 
few  years  other  glaciers  will  be  affected.  The  uniqueness  and  importance 
of  the  phenomenon  makes  it  highly  important  that  its  progress  and 
effects  should  be  carefully  studied.  It  will  be  a  great  pity  if  some  means 
is  not  found  by  which  the  glaciers  of  this  region  can  be  carefully  watched 
for  the  next  few  years. 
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GENERAL  MAP  OF  NORTHEASTERN  UTAH  FROM  WASATCH  MOUNTAINS  TO  GREEN  RIVER 

Showing  location  of  areas  discussed 
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Introduction 


The  Uinta  moimtains  form  one  of  the  most  interesting  and  unique 
ranges  in  the  Cordilleran  system,  in  that  they  have  a  typical  anticlinal 
structure  with  east-west  axis  and  show  no  evidence  of  igneous  action  con- 
nected with  their  uplift. 

In  them  are  exposed,  moreover,  the  only  Paleozoic  outcrops  arising 
above  the  covering  of  Tertiary  sediments  in  the  upper  part  of  the  Colo- 
rado Plateau  region,  which  thus  furnish  the  sole  connecting  link  between 
the  Wasatch  uplift  on  the  west  and  that  of  the  Rocky  mountains  on  the 
east. 

Topography  of  the  Begion 

Topographically,  they  form  a  rather  flat  elliptical  dome  about  150 
miles  in  length  along  their  main  axis  and  20  to  25  miles  in  average 

*  For  the  general  location  map  (plate  24),  showing  the  geographical  position  of  the 
area  discussed,  I  am  Indebted  to  Professor  C.  P.  Berkey,  who  used  it  in  his  paper,  "The 
Stratigraphy  of  the  Uinta  Mountains."    Bull.  Geol.  Soc.  Am.,  vol.  16,  1004,  plate  89. 

Kanuscrlpt  received  by  the  Secretary  of  the  Society  May  20,  1907. 
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width.  The  interior  of  the  ellipse  has  a  general  level  of  about  10,000 
feet,  out  of  which  rise  sharp,  narrow  ridges  and  peaks  of  horizontally 
bedded  quartzites  to  elevations  of  12,000  and  13,000  feet.  The  plateau- 
like surface  between  the  peaks  consists  of  a  series  of  shallow,  glacial 
basins,  well  clothed  with  pine  forest  and  studded  with  innumerable  glacial 
tarns.  The  streams  that  drain  these  basins  run  in  a  series  of  rapidly 
deepening  canyons  with  nearly  vertical  walls  that  reach  depths  of  3,000 
to  4,000  feet  before  they  emerge  into  the  open  plain  country  on  either 
flank.  On  the  broad,  flat  spurs  between  these  canyons  gently  sloping 
Tertiary  beds  lap  over  the  upturned  Mesozoic  and  Paleozoic  to  elevations 
attaining  in  some  places  10,000  feet,  which,  together  with  the  abundant 
accumulations  of  moraine  material,  effectually  mask  much  of  the  under 
geology,  especially  on  the  northern  flank.  This  general  description  ap- 
plies more  particularly  to  the  western  two-thirds  of  the  range.  Toward 
the  eastern  end  the  general  elevation  of  the  interior  decreases,  the  higher 
peaks  reaching  elevations  of  only  8,000  to  9,000  feet,  while  the  moimtain 
mass  widens  very  considerably  and  the  structure  becomes  correspondingly 
complicated.  The  single  anticlinal  fold  becomes  double,  while  at  the 
eastern  extremity,  before  the  older  rocks  disappear  entirely  under  the 
Tertiary  beds,  the  axes  of  folding  take  a  more  north  and  south  direction 
and  the  uplift  ends  in  two  isolated  anticlinal  billows  that  raise  their  crest 
a  little  above  the  sea  of  horizontal  Tertiary  beds  that  now  surrounds,  but 
once  covered,  a  great  part  of  the  present  mountain  mass. 

The  central  core  of  this  mountain  mass  consists  of  a  series  of  quartzite 
beds,  over  12,000  feet  in  thickness,  whose  age  has  long  been  in  doubt. 
On  three  published  geological  maps  they  have  been  assigned  successively 
to  as  many  different  periods — on  the  Fortieth  Parallel  maps  to  the  Car- 
boniferous, on  the  Powell  map  to  the  Devonian,  and  on  the  Hayden  maps 
to  the  Silurian — whereas  in  point  of  fact  they  do  not  belong  to  any  one 
of  the  three. 

Purpose  of  the  Paper 

A  generation  has  passed  away  since  these  maps  were  made,  during 
which  time  the  advance  in  geological  knowledge  of  the  West  has  been  so 
great  and  the  change  in  methods  of  work  so  radical  that  it  is  difficult  for 
the  younger  generation  of  geologists  to  appreciate  the  conditions  under 
which  geological  work  was  then  done.  It  is  my  purpose  in  this  article 
to  explain  first  how  it  came  about  that  such  conflicting  statements  were 
made,  incidentally  pointing  out  the  difference  in  conditions  and  methods 
of  work  between  that  time  and  the  present  day,  and  finally,  as  a  result  of 
a  reconnaissance  during  the  past  summer,  to  give  my  conclusions  as  to 
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the  age  of  the  quartzite  series  and  of  the  Paleozoic  beds  which  overlie 
them. 

State  op  geological  Knowledge 

The  only  systematic  exploration  of  the  entire  range  was  made  by  the 
Fortieth  Parallel  party  mider  my  charge,  in  the  summers  of  1869  and 
1871.  In  the  same  years  Powell  made  his  famous  explorations  of  the 
canyons  of  the  Colorado,  and  in  so  doing  traversed  the  eastern  end  of 
the  range  in  his  boat  journeys  down  the  meandering  canyons  of  the 
Green  river. 

In  the  summer  of  1871  Hayden  made  a  hasty  reconnaissance  along 
the  northern  slopes  of  the  range,  penetrating  the  central  core  at  a  single 
point  near  the  head  of  Blacks  fork,  where  he  found  Carboniferous  fossils 
in  the  flanking  limestones  and  "suspected"  that  the  underlying  quartzites 
might  be  Silurian  from  their  resemblance  to  the  Potsdam  sandstones. 
During  the  seasons  of  1874  and  1875  Powell  headed  parties  that  studied 
the  geology  of  the  eastern  part  of  the  range  and  the  surrounding  Cre- 
taceous and  Tertiary  regions.  From  that  time  until  1903  there  is  no 
record  of  any  geological  study  of  the  range. 

At  the  time  when  the  Fortieth  Parallel  field  work  was  being  carried 
on,  what  was  known  of  the  geology  of  the  Cordilleran  region  was  mainly 
derived  from  observations  of  geologists  accompanying  military  expedi- 
tions, generally  as  surgeons.     It  may  be  summed  up  as  follows : 

On  the  Gi^at  plains,  especially  about  the  upper  Missouri  river,  Meek 
and  Hayden  had  established  the  Cretaceous  section  and  named  its  five 
divisions,  but  were  uncertain  whether  the  upper  coal-bearing  member 
might  not  more  properly  be  classed  as  Tertiary.  The  beds  beneath  them 
were  recognized  as  Jurassic  from  their  fossils,  while  the  red  sandstones 
under  these  were  judged  from  their  position  and  lithological  character- 
istics to  be  probably  Triassic.  Unconformably  over  the  whole  lapped 
various  series  of  fresh-water  Tertiary  beds,  whose  age  was  not  yet  deter^ 
mined,  though  in  the  very  summer  in  which  the  Uinta  work  was  being 
carried  on  the  first  vertebrate  remains  were  being  collected  from  the 
Eocene  beds  of  the  adjoining  Green  River  basin. 

In  California  the  auriferous  slates  had  recently  been  determined  to  be 
of  Jurassic  age,  which  was  specially  interesting  as  affording  a  decided 
negative  to  Murchison^s  hitherto  generally  received  dictum,  that  gold 
only  occurs  in  rocks  as  old  as  the  Silurian. 

From  the  wide  mountain  region  between  the  Sierra  Nevada  and  the 
Rocky  mountains,  popularly  known  as  the  Great  American  desert,  Car- 
l)oniferous  fossils  had  been  brought  back  by  the  various  government 
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expeditions  that  had  penetrated  it;  but  beyond  this  nothing  was  known 
of  its  geological  column. 

Methods  of  Work 

The  work  of  the  Fortieth  Parallel  geologists,  it  must  first  be  noted, 
did  not  claim  to  be  a  survey,  but  was  explicitly  called  an  exploration.  It 
was  carried  on  in  regions  that  not  only  had  never  been  mapped,  but  of 
which  the  topography,  except  in  its  very  broadest  features,  was  entirely 
unknown. 

Each  working  party  consisted  of  a  geologist,  a  topographer,  and  a 
barometer-carrier,  with  the  necessary  camp  men  and  military  escort. 
The  necessities  of  topographic  work  required  the  occupation  of  every 
peak  in  a  mountain  range;  hence  the  location  of  the  successive  camps 
was  made  rather  with  reference  to  the  possibility  of  reaching  such  peaks 
than  because  they  were  the  best  points  from  which  to  study  the  geology  ' 
of  the  surrounding  country.  In  regions  like  the  Uinta  mountains,  diffi- 
cult of  access  and  remote  from  any  lines  of  communication,  any  revisit- 
ing after  the  completion  of  field  work  was  quite  impracticable. 

So  large  were  the  areas  laid  out  for  the  field  work  of  each  season  that 
the  utmost  speed  was  necessary  in  order  to  go  over  the  whole  ground  be- 
fore snow  rendered  geological  work  impracticable.  Thus  the  Green  River 
sheet,  which  covers  an  area  of  over  15,000  square  miles,  including  the 
greater  part  of  the  Uinta  mountains,  was  completed  during  the  single 
field  season  of  1871,  and  for  the  study  of  the  Uinta  mountains  during 
the  two  seasons  of  1869  and  1871  less  than  three  months  could  be  given 
to  actual  field  work,  no  small  part  of  which  the  geologist  in  charge  of  the 
party  had  to  devote  to  tasks  not  strictly  geological. 

The  general  system  of  work  was  to  construct  in  our  minds,  from  field 
observations,  a  tentative  set  of  geological  divisions,  based  primarily  on 
lithologic  distinctions,  and,  from  each  successive  peak  visited,  to  work 
out  the  structure  of  the  surrounding  country  as  indicated  by  the  lines  of 
outcrop  exposed.  As  we  had  no  maps,  we  used  only  breast-pocket  note- 
books in  which  to  record  our  observations ;  hence  the  ideas  we  formed  as 
to  the  geological  structure  of  the  country  visited  could  not  be  fully  put 
on  paper  until  the  topographer's  notes  for  the  whole  area  surveyed  had 
been  platted  and  engraved,  and  our  tentative  geological  columns  modified 
or  confirmed  by  the  determination  of  our  fossil  collections  by  specialists. 
Owing  to  a  peculiar  combination  of  circumstances,  over  two  years  had 
elapsed  after  the  final  completion  of  our  seven  years  of  field  work  before 
all  this  was  accomplished. 
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In  the  case  of  the  ITintas,  lithologic  distinctions  in  the  Mesozoic  and 
more  recent  beds  were  sufficiently  persistent  to  permit  a  ready  tracing  of 
the  structure,  especially  in  the  eastern  part  of  the  range,  where  the  anti- 
clinal arch  is  lower  and  has  been  more  completely  denuded  of  its  Tertiary 
covering.  This  is  not  the  case,  however,  with  the  Paleozoic  beds;  for, 
although  the  west  end  of  the  range,  which  we  first  visited,  is  separated 
from  the  Wasatch  by  a  covered  gap  only  10  or  15  miles  in  width,  it  is 
practically  impossible  to  trace  there  the  lithologic  succession  of  beds 
below  the  Weber  quartzite  observed  in  our  key-section  in  the  latter  range. 

Our  first  visit  to  the  Uintas,  at  the  close  of  the  field  season  of  1869, 
was  curtailed  by  shortness  of  provisions,  due  to  the  forced  abandonment 
of  our  wagon  soon  after  leaving  Provo  valley,  and  when  we  finally  reached 
the  valley  of  the  Duchesne,  which  was  the  eastern  limit  of  that  season^s 
work,  it  was  found  impossible  to  ascend  the  canyon  above  the  forks  be- 
cause of  beaver  ponds,  which  were  impassable  to  our  animals.  We  were 
therefore  obliged  to  abandon  its  exploration  and  climbed  Rhodes  spur,  on 
its  western  side,  in  order  to  reach  the  summit  of  the  range  at  Bald  moun- 
tain, from  which  we  shaped  our  course  westward  again. 

The  field  work  of  1871  was  carried  on  from  Fort  Bridger,  on  the 
Tertiary  plains  to  the  north  of  the  Uintas,  as  a  supply  camp,  from  which 
two  trips  were  made  across  the  range  to  its  southern  flanks;  but  the 
necessities  of  the  work  did  not  justify  going  so  far  west  again  as  the 
main  Duchesne  river,  and  thus  a  considerable  gap  was  left  between  the 
two  seasons'  field  work  at  the  very  point  where  the  best  and  most  contin- 
uous Paleozoic  exposures  are  to  be  found. 

When,  in  the  winter  of  1874-1875,  the  working  up  of  our  material 
was  so  far  advanced  that  we  could  draw  in  the  geological  outlines  on  the 
Green  River  sheet,  there  was  a  question  as  to  what  color  should  be  given 
to  the  great  quartzite  core  of  the  Uintas.  Its  estimated  thickness 
amounts  to  about  12,000  feet.  Above  it  is  an  uncertain  thickness  of 
beds,  largely  limestones,  with  some  siliceous  members,  the  fossils  collected 
from  which  were  determined  by  the  paleontologists  to  be  decidedly 
Upper  Carboniferous,  and  for  the  most  part  rather  high  in  that  forma- 
tion. In  his  one  trip  into  the  interior  of  the  range,  when  he  had  climbed 
moimt  Agassiz  at  the  head  of  Bear  river,  Mr  King  had  collected  from  the 
talus  slopes  of  that  peak  a  well  preserved  Upper  Carboniferous  Produciu8 
in  Uinta  quartzite. 

In  the  typical  Wasatch  section,  as  shown  in  Weber  canyon,  there  are 
5,000  feet  of  Carboniferous  quartzites,  with  2,000  to  2,500  feet  of  cal- 
careous and  argillaceous  Carboniferous  beds  above  them,  and  about  9,000 
feet,  mostly  limestones  of  Carboniferous,  Devonian,  and  Silurian  age, 
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betweeu  them  and  the  Cambrian.  Below  the  latter,  in  other  parts  of  the 
range,  a  still  larger  body  of  quartzite  is  found,  having  a  thickness  of  at 
least  12,000  feet.  To  one  or  the  other  of  these  quartzites  it  was  evident 
the  Uinta  quartzite  must  correspond.  Its  lithological  constitution  re- 
sembled the  latter  more  than  the  former,  though  the  resemblance  was 
not  very  close  and  as  a  factor  of  correlation  it  was  not  considered  of 
prime  importance.  To  correlate  it  with  this  formation  involved  the 
assumption  of  an  unconformity  as  the  only  way  of  accounting  for  the 
disappearance  of  the  Devonian  and  Silurian  formations  of  the  Wasatch 
section,  which  were  evidently  unrepresented.  No  such  unconformity  had 
been  observed,  however,  and  one  of  the  rules  laid  down  by  Mr  King  for 
geological  mapping  was  not  to  represent  any  such  features  as  faults  or 
unconformities  which  were  not  proved  by  actual  evidence  in  the  field. 
Hence,  with  some  misgivings,  but  as  the  only  alternative,  the  doubtful 
quartzite  was  correlated  with  the  Weber,  and  so  mapped.  That  such 
an  unconformity  had  actually  been  observed  by  Major  Powell  in  the  deep 
canyons  of  Green  river,  which  we  had  been  unable  to  explore  through 
want  of  boats,  was  only  known  to  us  some  years  later,  for  the  following 
reason : 

Major  Powell's  Investigations 

At  the  close  of  the  field  season  of  1871  Major  Powell  paid  me  the  com- 
pliment of  asking  me  to  explain  to  him  my  ideas  of  the  Uinta  structure, 
saying  that  his  observations  in  his  boat  journeys  down  the  Colorado, 
being  necessarily  confined  to  the  immediate  vicinity  of  the  river,  were 
difficult  to  coordinate,  and  he  felt  it  would  be  of  great  help  to  him  in 
working  them  out  to  thoroughly  understand  the  Uinta  uplift,  which  was 
evidently  the  key  to  the  whole  section.  At  that  time  he  did  not  mention 
the  unconformity  by  erosion,  nor  was  the  question  of  the  origin  of  Green 
river  discussed;  but  in  other  respects  we  compared  notes  freely  and 
agreed  in  all  essential  points. 

When,  a  few  years  later,  after  he  had  borrowed  a  proof-sheet  of  our 
topography  of  that  region,  it  was  learned  that  he  proposed  to  publish  a 
volume  on  the  Uinta  mountains  in  the  near  future,  it  was  realized  that 
he  would  probably  secure  a  priority  of  publication  over  us,  since,  though 
the  part  of  my  manuscript  relating  to  the  Uintas  was  already  written,  it 
must  necessarily  wait  until  the  report  of  the  entire  Fortieth  Parallel 
region  was  completed  before  it  could  be  published. 

In  a  vain  attempt  to  obviate  this,  Mr  King,  on  November  15,  1875, 
caused  12  printed  copies  of  the  geologically  colored  Green  River  basin 
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map,  signed  and  dated  in  his  own  handwriting,  to  be  distributed  to  as 
many  of  the  leading  geologists  of  the  country. 

When  the  Powell  report  appeared  (without  any  reference  to  our  pre- 
vious studies)  the  most  important  diflPerence  between  his  determinations 
and  mine  was  as  to  the  age  of  the  Uinta  quartzites,  which  he  tentatively 
assigned  to  the  Devonian,  having  found  an  unconformity  by  erosion 
between  them  and  the  overlying  Carboniferous.  As  Whirlpool  canyon, 
in  which  the  unconformity  was  seen,  was  in  a  region  of  very  complicated 
faulting  and  folding,  Mr  King  thought  it  possible  he  might  have  been 
misled  in  his  observations  by  the  effect  of  perspective  in  observing  faulted 
outcrops.  It  was,  however,  impossible  at  that  late  date  to  verify  this 
fact,  but  we  were  certain  that  a  quartzite  series  of  that  thickness  could 
not  be  Devonian.  A  foot-note  was  therefore  inserted  in  our  report,* 
stating  that  if  such  unconformity  exists,  the  quartzite  series,  which  we 
had  called  "Weber,^*  must  represent  rather  the  great  quartzite  formation 
underlying  the  Cambrian  of  the  Wasatch-  My  later  geological  work  in 
the  West  has  confirmed  this  conclusion,  as  I  stated  in  my  article  "Oro- 
graphic movements  in  the  Bocky  mountains."! 

Becent  Investigations 

It  still  remained,  however,  to  determine  what  part  of  the  Wasatch  sec- 
lion  is  represented  in  the  western  Uintas,  whether  the  unconformity  can 
be  detected  there,  and  what  is  the  true  correlation  between  the  formations 
there  represented  and  the  Grand  Canyon  section,  on  which  Powell  had 
based  his  divisions.  I  had  hoped  that  long  ere  this  these  questions  would 
have  been  finally  settled  by  an  areal  survey  of  the  region,  made  by  geolo- 
gists of  the  U.  S.  Geological  Survey,  and  have  hence  deferred  any  further 
reference  to  them.  In  the  summer  of  1903,  at  my  suggestion,  Mr  J.  M. 
Boutwell  made  a  reconnaissance  examination  of  the  iron  ore  deposits  on 
Bhodes  spur,  in  the  course  of  which  he  obtained  an  undoubted  Mississip- 
pian  fauna  from  the  limestonesj  overlying  the  great  quartzite  series,  thus 
definitely  proving  that  the  latter  could  not  be  Weber. 

During  the  same  summer  Mr  Charles  P.  Berkey  had  an  opportunity  of 
studying  in  considerable  detail  the  geology  of  the  region  around  the 
Duchesne  river,  and  discovered  a  considerable  thickness  of  shaly  beds 
beneath  the  limestones  and  separated  by  a  fault  from  the  Uinta  quartz- 
ites, neither  of  which  had  been  noted  by  me.  He  also  claimed  to  have 
found  two  unconformities  by  erosion  in  the  Paleozoic  series,  and  on  the 
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basiB  of  these  new  facts  coaBtnict«d  a  geological 
column  which  ehould  reconcile  the  discrepancies 
between  the  relative  views  assumed  by  him  to  have 
been  maintained  by  Powell  and  myself  respec- 
tively.* 

'  During  the  past  summer,  through  the  courtesy 
of  Mr  F.  B.  Weeks,  who  was  making  the  entire  cir- 
^     cuit  of  the  range  in  a  study  of  its  Paleozoic  ex- 
g     poBures,  I  was  enabled  to  examine  the  Duchesne 
£     valley  and  the  region  to  the  east  of  it,  not  visited 
M    i      in  my  original  work,  which,  as  it  happens,  contains 
d    c      the  most  continuous  section  in  the  entire  range, 
outside  the  Green  River  canyons.     The  informa- 
tion thus  obtained,  supplemented  by  general  data 
kindly  furnished  by  Mr  Weeks,  has  enabled  roe  to 
determine  the  general  features  of  Uinta  structure 
with  sufficient  accuracy   for  immediate  presenta- 
tion, though  there  are  many  questions  whose  final 
solution  must  still  await  a  detailed  areal  suney 
that  may  not  be  undertaken  for  many  years. 

My  observations  bear  testimony  to  the  intelli- 
gence and  acumen  of  Mr  Berkey's  work,  though  I 
am  forced  to  differ  with  him  on  some  important 
points,  and  hence  my  conclusions  arc  somewhat  at 
variance  with  his. 

The  Bear,  Weber,  and  Ducheene  rivers  all  have 
their  source  on  the  same  bit  of  plateau  at  the  west 
base  of  mount  Agassii:,  near  the  northern  crest  of 
the  range,  the  first  two  flowing  northward,  then 
westward,  to  empty  into  Salt  lake,  while  the  latter 
courses  south  for  25  to  30  miles,  and  then  bends 
eastward  to  join  the  Green  or  Colorado  river.  The 
first  12  miles  of  the  Duchesne's  course  are  in  the 
even  and  almost  horizontally  bedded  Uinta  quartz- 
ites,  through  which  it  flows  in  a  narrow,  practically 
impassable  canyon,  bounded  by  nearly  vertical 
cliffs.  The  canyon  widens  out  quite  suddenly  in 
the  shales  beyond  the  Iron  Creek  fault,  but  still 
continues  to  form  an  imposing  gorge  2,500  to  4,000 
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feet  below  the  flat-topped  spurs  on  either  side.  About  8  miles  below  the 
Iron  fault,  near  the  site  of  the  proposed  town  of  Stockmore,  the  so- 
called  West  fork  comes  in  from  the  west  after  running  for  25  miles  along 
the  strike  in  the  red  beds  of  the  Permian  or  Trias.  Below  the  forks,  in 
the  softer  Mesozoic  rocks,  the  valley  becomes  still  wider  and  contains 
considerable  bottom  land,  while  the  bounding  ridges  have  worn  down  into 
low  hogbacks,  except  where  protected  by  a  covering  of  Tertiary  beds, 
lapping  up  on  the  spurs  or  occasionally  standing  out  as  residual  mesas, 
like  Blacktail  mountain  in  the  section  (figure  1). 

The  magnificent  section  of  Paleozoic  beds  exposed  along  the  walls  of 
the  gorge  is  rendered  rather  difficult  to  read,  through  the  abundant  slips 
or  faults  parallel  to  the  stream,  by  which  narrow  slices  of  the  walls  are 
let  down  a  few  hundred  feet  liere  and  there,  probably  by  sapping,  so  that 
portions  of  the  cliff  sections  are  duplicated.  This  may  account  for  Mr 
Berkejr^s  tendency  to  overestimate  the  thickness  of  his  various  divisions 
of  the  Paleozoic  rocks. 

Another  peculiarity  of  topographic  structure  is  observa])le  at  the  head 
of  the  side  ravines  tributary  to  the  main  valley  when  they  occur  in  lime- 
stone formations.  In  the  midst  of  a  remarkably  well  watered  region, 
these  ravines  have  no  running  water,  and  in  their  basin-like  heads  are 
many  minor  depressions  without  outlet,  such  as  are  characteristic  of 
moraine  ridges,  but  in  shape  rather  longitudinal  than  round.  On  either 
side  of  the  main  valley,  near  the  mouth  of  the  ravine  where  these  were 
first  observed,  there  are  large  springs  issuing  from  the  base  of  the  cliffs, 
in  streams  15  to  20  feet  wide,  with  sufficient  volume  of  water  to  supply 
irrigation  ditches  which  extend  to  the  arable  lands  many  miles  down  the 
valley.  Hence  the  explanation  that  suggested  itself  was  that,  in  the 
easily  soluble  limestones,  surface  waters  had  eaten  their  way  along  cracks 
and  small  faults,  finding  their  run-off  in  such  springs,  and  had  thus 
eroded  increasingly  large  caves  that  had  finally  collapsed,  producing 
something  analogous  to  the  sink-holes  of  the  western  Appalachian  region. 
This  hypothesis  was  later  confirmed  by  the  finding  of  a  typical  Kentucky 
sink-hole  with  circular  limestone  walls  and  a  funnel-shaped  bottom.* 
The  structure  is  developed  on  so  large  a  scale  in  this  region  that  it  de- 
serves a  special  name,  for  which  sink-hole  or  karst  topography  is  sug- 
gested. 

Geology  of  the  Eegion 

The  geology  of  the  region  is  not  so  easy  to  read  as  at  first  glance  would 
appear,  because  the  cliff  sections  along  the  valley  are  complicated  by  the 
slips  or  faults  mentioned  above,  and  on  the  flat-topped  spurs,  owing  to 
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the  generally  low  angle  at  which  the  beds  stand  and  the  peculiar  topo- 
graphic forms,  the  true  Buccession  of  the  respective  exposures  is  often 
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difficult  to  determine.  The  lithologic  constitution  of  the  beds  has  suf- 
fered a  remarkable  change  from  the  Wasatch  section,  considering  the 
short  distance  that  separatea  them. 
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The  Wasatch  limestone  has  shrunk  to  about  1,000  feet  of  buff,  cherty, 
calcareous  beds,  alternating  in  the  upper  part  with  white  sandstones. 
Although  the  limestones  are  always  light  colored,  they  often  present  a  red 
or  striped  appearance  in  cliff  exposures,  and  thus  resemble  rocks  of  the 
same  horizon  in  the  Grand  canyon  of  the  Colorado,  where  they  are  stained 
by  waters  seeping  down  over  their  face  from  red  shales  above,  and  were 
hence  called  by  Powell  the  Red  Wall  limestones.  They  carry  Pennsyl- 
vanian  fossils  in  the  upper  part,  and  Mississippian  in  the  lower. 

Beneath  these  are  quartzites  with  interbedded  conglomerates  and  sandy 
shales,  generally  white  or  greenish,  often  red  by  oxidation,  which  are  in 
extremely  variable  thickness,  reaching  a  maximum  in  the  Duchesne  val- 
ley of  1,100  feet.  Mr  Berkey's  surmise  that  these  correspond  to  the 
Ogden  quartzite  (now  considered  Ordovician),  though  as  yet  unsupported 
by  paleontologic  evidence,  is  considered  a  probable  assumption,  and  the 
name  has  been  provisorily  retained.  If  there  be  an  unconformity  by 
erosion,  it  would  be  most  naturally  placed  between  this  and  the  Shale 
series  below,  because  of  the  variation  in  thickness  of  this  siliceous  mem- 
ber, it  being  entirely  wanting  on  the  northern  flanks  of  the  range ;  but  no 
direct  evidence  of  erosion  could  be  detected  and  the  conglomerate  has  not 
the  characteristics  of  a  true  basal  conglomerate. 

In  the  Duchesne  valley  the  Shale  series  consists  of  about  1,200  feet  of 
thin-bedded,  dark,  argillaceous  shales,  in  which  we  were  unable  to  detect 
the  pyrites  to  which  Mr  Berkey  refers.  Their  best  exposures  are  in  Hades 
Creek  and  Iron  Creek  ravines,  adjoining  the  fault.  They  have  no  rela- 
tion^  as  the  latter  name  might  suggest,  to  the  deposits  of  iron  ore  which 
occur,  as  Mr  Boutwell  has  noted,  in  the  Wasatch  limestones  much  higher 
in  the  geological  column. 

The  thickness  of  the  Shale  series  is  also  variable,  being  nowhere  so 
great  as  in  the  Duchesne  valley ;  but  it  is  never  entirely  wanting,  as  is  at 
times  the  Ogden  quartzite.  In  my  original  field  notes  I  find  mention  of 
a  few  hundred  feet  of  greenish  shales  observed  at  various  points,  sup- 
posed to  be  part  of  the  upper  members  of  the  Uinta  quartzite. 

The  Iron  Creek  fault  has  not  the  structural  significance  that  Mr  Ber- 
key would  assign  to  it.  It  can  only  be  traced  7  or  8  miles  on  either  side 
of  the  Duchesne  valley,  though  similar  strike  faults  occur  at  various 
points  along  the  southern  flanks  of  the  range,  more  frequently  where  the 
strata  have  taken  a  sudden  downward  bend,  so  that  the  existence  of  the 
fault  is  less  evident  than  on  the  Duchesne.  In  spite  of  its  striking  prom- 
inence in  the  valley  bottom,  the  Iron  Creek  fault  could  not  be  detected  on 
the  plateau-like  summit  of  the  spurs  on  either  side  of  the  Duchesne,  un- 
less one  knew  of  its  existence  and  made  a  special  search  for  it ;  for  on  the 
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east,  as  Mr  Berkey  himself  remarks,  the  Ogden  quartzite  is  in  juxtaposi- 
tion to  the  Uinta  quartzite  and  perfectly  conformable  in  angle,  and  on 
Rhodes  spur,  where  the  former  caps  a  bold  escarpment  facing  north, 
overlooking  the  interior  plateau,  the  shales  are  effectually  concealed  by  a 
talus  of  huge  blocks  of  greenish  white  Ogden  quartzite,  likewise  con- 
formable. 

Above  the  Wasatch  series  is  a  great  siliceous  member  consisting  largely 
of  white  calcareous  sandstones  and  gray  quartzites,  which  I  correlate 
with  the  Weber  quartzite,*  and  for  which  Mr  Weeks  estimates  an  aggre- 
gate thickness  of  2,200  to  2,700  feet. 

This  is  presumably  the  series  of  beds  at  the  base  of  which  Mr  Berkey 
placed  his  main  unconformity;  but  in  spite  of  a  most  careful  search, 
continued  by  Mr  Weeks  throughout  his  circuit  of  the  range,  we  were 
unable  to  find  the  basal  conglomerate  on  which  Berkey's  scheme  of  corre- 
lation is  mainly  based.  Negative  evidence  is  confessedly  somewhat  dan- 
gerous ground  upon  which  to  deny  the  existence  of  an  unconformity  by 
erosion,  since  such  unconformity  involves  no  discrepancy  of  angle,  and 
the  positive  evidence  of  overlap  is  not  necessarily  present,  while  it  is 
rare,  even  in  long  and  well  exposed  canyon  sections,  to  get  unmistakable 
evidence  of  the  unevenness  of  an  old  eroded  surface  in  the  hollows  of 
which  the  later  beds  were  deposited.  In  the  present  case  their  superior 
resistance  to  erosion  and  the  slowly  steepening  angle  of  dip  have  com- 
bined to  leave  patches  of  the  Weber  beds  in  abnormally  high  positions  on 
the  spurs  (see  map,  figure  2),  which  probably  led  Mr  Berkey  to  suppose 
they  came  there  by  overlap.  Even  did  such  an  unconformity  exist,  how- 
ever, his  scheme  of  correlation  based  on  it  would  fail,  since  it  assume: 
that  it  is  the  same  unconformity  that  Powell  observed  in  the  canyon  of 
Green  river;  but  there  the  Red  Wall  limestone,  which  corresponds  to  the 
Wasatch  of  the  Duchesne,  lies  above  this  unconfonnity.  Even  Mr  Ber* 
key^s  hypothesis  of  a  sea  that  was  slowly  retreating  westward  and  then 
rapidly  readvancing  could  hardly  account  for  the  same  beds  being  de- 
posited above  the  erosion  interval  in  one  place  and  below  it  in  another. 

Above  the  Weber  quartzites  are  cherty  limestones,  followed  by  cal- 
careous sandstones  and  argillaceous  shales,  in  which  the  calcareous  ele- 
ment decreases  upward  until  they  end  in  a  series  of  deep  red  shaly  beds 
which,  owing  to  their  easy  erosion,  are  apt  to  form  hogback  valleys. 

*  It  has  been  considered  advisable  to  use  the  old  Fortieth  Parallel  names  of  form«- 
tions  and  not  attempt  to  make  subdlTislons  characterized  by  local  names  until  tbe 
region  is  areally  surveyed.  For  the  great  central  quartzite  series  Powell's  name,  rtntt. 
has  been  retained,  because  it  Is  not  only  the  mo8t  appropriate,  but  also  possesses  priority 
in  published  description.  As  used  on  the  Fortieth  Parallel  maps,  this  name  indicated  simply 
an  area  of  Tertiary  beds  of  probable  different  ages,  but  not  yet  differentiated. 
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This  series  has  a  thickness  of  about  2,500  feet  and  carries  an  Upper 
Carboniferous  and  Permian  fauna.  It  is  in  this  series  that  the  uncon- 
formity by  erosion,  if  it  exists,  is  likely  to  occur.  It  is  suggested  by  the 
apparent  overlap  of  the  beds;  moreover,  a  widespread  unconformity  is 
known  to  exist  at  this  horizon  in  Colorado  and  elsewhere. 

Above  these  in  typical  development  are  the  light  red,  thin-bedded 
sandstones,  generally  classed  as  Triassic,  which  in  turn  are  succeeded  by 
shales  and  limestones  carrying  characteristic  Jurassic  fossils. 

The  accompanying  map  (figure  2),  of  which  the  topographic  base  is 
a  copy  of  a  portion  of  the  Hayden  Peak  quadrangle  of  the  Forest  Reserve 
Survey  by  the  U.  S.  Geological  Survey,  shows  the  distribution  of  the 
above  described  beds  as  far  as  they  occur  on  the  area  mapped.  Unfor- 
tunately the  map  extends  only  a  few  miles  south  of  the  Iron  Creek  fault, 
so  that  a  large  part  of  the  Paleozoic  exposures  do  not  appear  on  it. 

Structure 

In  the  area  represented  the  beds  do  not  strike  due  east  and  west,  but 
to  the  north  of  east  on  the  east  side  of  the  valley  and  to  the  north  of  west 
on  the  west  side,  which  means  that  the  valley  runs  approximately  in  the 
axis  of  a  secondary  anticlinal  fold,  with  axis  at  right  angle  to  that  of  the 
main  anticline.  In  dip  the  beds  steepen  to  the  southward  from  the  aver- 
age angle  of  5  degrees  in  the  Uinta  quartzite  to  10-17  degrees  in  the  area 
mapped;  then  to  25  degrees  just  south  of  it,  and  finally  to  45  or  even 
60  degrees  along  a  varj'ing  line  that  follows  the  southern  flanks  of  the 
ranges.  A  typical  cross-section  of  the  range  is  given  in  figure  2,  which 
is  reduced  and  somewhat  generalized  from  an  actual  section  drawn  to 
natural  scale  on  a  line  following  the  top  of  the  spur  east  of  the  Duchesne. 
Just  north  of  the  main  crest  of  the  range  there  is  generally  found  to  be 
a  sharp  break  line  in  the  Uinta  quartzites,  on  the  south  of  which  they  in- 
cline from  2  to  5  degrees  southward,  and  on  the  north  dip  steeply  north- 
ward up  to  angles  of  45  degrees  or  more.  There  has  evidently  been  fault- 
ing in  the  region  where  this  remarkable  change  of  dip  takes  place,  but, 
owing  to  the  similarity  in  lithological  constitution  of  the  rocks  on  either 
side,  neither  the  throw  nor  even  the  location  of  the  fault  can  be  deter- 
mined. It  is  not,  however,  continuous  along  a  given  east  and  west  line, 
as  seems  to  have  been  assumed  by  Powell,  who  probably  reasoned  from 
the  most  strongly  marked  of  these  faults,  which  runs  along  the  northern 
edge  of  the  Red  Creek  Archean  body,  in  the  Browns  Park  region;  this 
fault,  however,  has  a  strike  of  from  16  to  20  degrees  to  the  north  of 
east  and  crosses  Green  river  to  the  south  of  Horseshoe  canyon;  hence 
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could  not  coincide  with  the  faults  north  of  the  crest,  which  probably  are 
arranged  en  echelon.  Along  the  southern  flanks  the  faulting  is  apt  to 
take  place  near  the  sudden  steepening  of  the  dip,  which  is  observable  in 
most  every  cross-section,  and  beyond  which  the  beds  resume  their  former 
low  angle  and  extend  southward  under  the  Tertiaries  in  a  broad,  shallow 
syncline.  Thus  the  uppermost  of  the  Mesozoic  beds  involved  in  the  orig- 
inal Uinta  arch,  the  Laramie  formation,  first  reaches  the  surface  again 
100  miles  to  the  south  in  the  Book  cliffs,  just  north  of  the  Bio  Grande 
Western  railway.  The  sudden  steepening  of  the  dip  on  a  given  line 
along  the  flanks  of  a  mountain  uplift  is  a  common  phenomenon,  and 
notably  well  developed  along  the  east  face  of  the  Front  range  of  Colorado, 
and  can  best  be  explained  as  the  result  of  a  tangential  shove,  as  illus- 
trated by  some  of  Bailey  Willis's  experiments  in  mountain  building.  On 
this  hypothesis  the  faulting  would  be  an  expression  of  the  relief  of  strain 
along  lines  of  extreme  folding  tension. 

Correlation 

Having  had  an  opportunity  in  recent  years  of  personally  examining 
the  Grand  Canyon  section,  on  which  Powell  based  his  Green  River  Pale- 
ozoic section  in  the  TJintas,  I  am  better  able  to  correlate  the  latter  with 
that  exposed  in  the  Duchesne  region  as  shown  above.  My  interpretation 
would  be  as  follows:  The  remnants  of  red  beds  on  the  Coconino  plateau 
correspond  to  the  Permo-Carboniferous  beds  on  the  Duchesne;  the  Upper 
Aubrey  limestone  to  the  cherty  limwtone  immediately  above  the  Weljor 
quartzite;  the  Ijower  Aubrey  to  the  Wel)er  quartzite  itself,  and  the  Red 
Wall  to  the  Wasatch  limestone.  In  either  region  there  is  uncertainty, 
through  want  of  fossil  evidence,  as  to  the  Devonian  and  Silurian.  In  the 
Grand  Canyon  region  a  Devonian  fauna  has  l)een  discovered  in  a  thin 
series  of  rocks  separated  from  the  Red  Wall  limestone  by  a  slight  uncon- 
formity, but  the  Silurian  is  apparently  wanting.  In  (he  Uintas  no  fossils 
have  yet  been  found  below  the  Wasatch  limestone.  The  Ogden  quartzite, 
whose  name  has  been  temporarily  retained  for  the  Duchesne  section,  has 
in  the  Wasatch  recently  been  determined  to  lie  below  beds  of  Ordovician 
age.  It  is  probable,  therefore,  that  both  Devonian  and  Silurian  are 
wanting  in  the  Uintas,  and  that  the  Tonto  of  the  Grand  canyon  is  repre- 
sented by  the  Ogden  quartzite  or  the  Shale  series,  or  by  both  together. 

Powell's  Lodore  series  is  supposed  to  represent  the  Tonto  series  of  the 
Grand  canyon,  though  in  his  Uinta  report  he  said  Carboniferous  fossils 
had  been  found  in  it,  which  was  evidently  an  error,  probably  caused  by  a 
displacement  of  labels  during  transportation. 
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The  Uinta  quartzites  occupy  a  position  corresponding  to  the  Pre- 
Cambrian  series  in  the  Grand  canyon  which  Powell  included  under  the 
general  name  of  Grand  Canyon  series.  This  has  since  been  subdivided 
into  the  Chuar,  Grand  Canyon,  and  Vishnu  series,  each  separated  by  an 
unconformity,  only  the  lower  member  of  which,  the  Vishnu,  resembles 
lithologically  the  Uinta  quartzite. 

Powell  failed  to  recognize  the  Permo-Carboniferous  in  the  Uintas,  as 
he  did  in  the  Grand  canyon,  but  in  other  respects  his  geological  column 
in  the  Uintas  above  the  Carboniferous  corresponds  fairly  well  with  that 
of  the  Fortieth  Parallel,  though  the  formations  are  given  different  names 
and  their  lines  of  diversion  are  placed  at  somewhat  differing  horizons. 

The  greatest  uncertainty  that  still  remains  is  in  regard  to  the  proper 
correlation  of  the  Ogden  quartzite  and  the  Shale  series.  If  we  correlate 
with  the  Wasatch  section,  they  correspond  best  with  the  Cambrian  of  the 
Big  Cottonwood  section;  if  with  the  Grand  Canyon  section,  they  fit  best 
the  Tonto,  which  consists  of  shales  and  sandstones. 

There  is  still  some  uncertainty  as  to  the  location  of  Powell's  uncon- 
formity in  the  western  Uintas,  if  indeed  it  exists  there.  Owing  to  the 
want  of  precision  in  his  published  statements,  it  is  difficult  to  verify  his 
observations  in  the  field.  As  already  stated,  I  think  its  most  probable 
place  is  between  the  Ogden  quartzite  and  the  Shale  series. 

The  Uinta  quartzites  I  regard  as  imdoubtedly  of  Pre-Cambrian  age, 
but,  like  most  Pre-Cambrian  formations  in  the  West,  which  are  widely 
separated  and  generally  barren  of  fossils,  its  exact  correlation  will  for  a 
long  time  probably  remain  in  doubt. 

Origin  of  Grken  River 

The  statement  of  Powell,  in  his  volume  "Exploration  of  the  Colorado 
River  of  the  West,"  with  regard  to  Green  river,  to  which  he  assigns  an 
antecedent  origin,  thereby  furnishing  a  striking  proof  of  the  slowness  of 
the  movement  of  mountain  uplift,  picturesquely  comparing  the  contem- 
poraneous uplift  of  the  Uinta  mountains  and  the  corrasion  of  the  Green 
River  canyons  with  movement  of  a  saw-log  relative  to  a  buzz-saw,  have 
been  accepted  and  quoted  by  many  writers  of  text-books  on  geology.  My 
theory  that  it  is  a  superposed  river,  based  on  the  occurrence  of  remnants 
of  Wyoming  conglomerate  (Bishop  Mountain  conglomerate  of  Powell) 
resting  unconformably  on  all  underlying  formations,  and  so  situated  that 
when  connected  together  they  must  have  entirely  covered  that  part  of 
the  range  through  which  the  Green  River  canyons  are  now  cut,  has  re- 
ceived less  notice ;  nevertheless  it  has  been  accepted  by  such  authorities  as 


302  S.  p.  EMMONS — UINTA   MOUNTAINS 

Professor  Ed.  Suess  and  Professor  Wm.  M.  Davis.  I  have  elsewhere* 
stated  some  of  the  physical  impossibilities  which  Powell's  hypothesis  in- 
volves, and  will  therefore  not  enlarge  upon  them  here.  I  have  always 
been  a  firm  l)eliever  in  the  theory  that  the  uplift  of  a  mountain  chain  is 
immensely  slow,  and,  further,  that  it  is  continuing  at  the  present  day, 
as  I  have  had  occasions  to  demonstrate  by  facts  disclosed  in  the  under- 
ground workings  of  mines.  In  the  Uinta  mountains  it  is  easy  to  find 
facts  in  support  of  this  theory  without  resorting  to  the  hypothesis  of  the 
antecedent  origin  of  Green  river.  As  is  well  known,  the  forming  of  the 
Uinta  arch  commenced  at  the  close  of  the  Cretaceous,  as  is  evidenced  by 
the  fact  that  the  flanking  Tertiary  beds  lap  unconformably  over  the  up- 
turned edges  of  the  older  strata,  which  when  exposed  are  seen  to  stand  at 
angles  of  30  degrees  and  upward.  There  are  thn»e  series  of  Tertiary 
beds  filling  wide  basins  both  north  and  south  of  the  Uintas — ^the  Wasatch 
(or  Vermillion  Creek  of  the  Fortieth  Parallel),  the  Green  River,  and  the 
Bridger  formations,  all  of  Eocene  age  and  with  an  erosion  interval  Ix?- 
tween  each.  Now,  while  each  of  these  series  of  beds  occupy  a  practically 
horizontal  position  throughout  their  basins,  at  the  very  edge  of  the  Uinta 
mountains  they  can  be  seen  to  be  slightly  upturned  against  their  flanks, 
the  lowest  series  at  the  greater  angle,  15  degrees  or  even  20  degrees  in 
places,  and  the  more  recent  beds  correspondingly  less,  which  means  that 
the  continued  rising  of  the  mountain  mass  had  dragged  up  the  adjoining 
edges  of  the  beds  resting  against  their  flanks — ^a  movement  which,  being 
continuous,  has  necessarily  been  greater  in  the  case  of  the  older  beds. 


*  Science  (new  series),  vol.  vi,  July  2,  1807.  no.  131. 
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Introduction 


Several  years  ago,  wliile  studying  the  geology  of  the  Albuquerque 
quadrangle,  New  Mexico,  I  had  a  distant  view  of  that  geological  wonder- 
land made  classic  by  Major  Button  in  his  report  on  the  Mount  Taylor 
region.  Since  that  time  I  have  been  anxious  to  visit  the  district,  more 
especially  to  get  a  closer  view  of  the  remarkable  volcanic  buttes  in  the 
valley  of  the  liio  Pueroo,  which  Major  Dutton  interpreted  as  remnants 
of  necks  formerly  connecting  with  overlying  volcanoes  which  have  long 
since  been  worn  awav. 

The  buttes  are  most  abundant  in  an  open  valley  excavated  by  the 
Puerco  river  through  the  eastern  part  of  the  great  lava  sheets  sur- 
rounding the  Mount  Taylor  volcanic  mass,  the  valley  being  open  to  the 
north  and  south,  inclosed  on  the  west  by  the  ragged  escarpment  of  the 
larger  Mount  Taylor  mesa  and  on  the  east  by  the  smaller  Prieta  mesa. 
The  mesa  surface  is  from  one  to  two  thousand  feet  above  the  valley  floor ; 
the  valley  is  from  8  to  12  miles  wide  east  and  west,  and  the  area  studied 
is  about  18  miles  north  and  south. 


•  Mannflcrlpt  recpivcKl  by  the  Secretary  of  the  Society  April  24.  19(»7. 
XXVI — ^Bdll.  Oeol.  Soc.  Am.,  Voi..  18,  1906  (303) 


304      D.  W.  JOHNSON — VOLCANIC  NECKS  OF  MT.  TAYLOR  REGION 

The  desire  to  visit  the  district  was  strengthened  by  the  tendency  ou 
the  part  of  some  observers  to  regard  vertical  columnar  structure  and 
undisturbed,  surrounding  Bediments  as  features  not  to  be  expected  in 
volcanic  necks,  but  rather  as  indicative  of  some  other  origin  for  buttes 
which  exhibit  such  features.  Thus  the  Devils  tower,  in  Wyoming, 
has  been  referred  by  Professor  T.  A.  Jaggar,  Junior,  to  a  laccoiithic 
origin  partly  because  it  rises  above  undisturbed  sediments,  and  its  beauti- 
ful colunmar  structure  is  more  or  less  nearly  vertical.  In  a  recent  text- 
book, "Elements  of  Geology,"  by  Professor  \V.  H.  Norton,  it  is  implied 
(page  276)  that  vertical  columns  would  not  be  found  in  a  volcanic  neck. 
Dutton  states  that  vertical  colunms  are  found  in  many  of  the  Mount 
Taylor  buttes,  and  rather  implies  that  they  are  surrounded  by  undis- 
turbed sediments.  It  was  believed  that  a  careful  study  of  the  buttes  in 
tlie  liio  Puerco  valley,  with  possible  alternative  interpretations  in  mind, 
might  serve  to  determine  which  features  are  characteristic  of  volcan it- 
necks,  which  of  remnants  of  laccoliths  or  columnar  sheets  of  lava,  and 
which  are  common  to  both  topographic  forms. 

An  opportunity  to  visit  the  region  was  offered  in  the  spring  of  190(». 
during  a  geological  excursion  through  parts  of  Xew  Mexico,  Arizona, 
and  Utah.  The  excursion,  which  included  a  wagon  trip  of  over  l,50i) 
miles  (luring  a  vacation  of  four  months,  was  made  possible  by  appro- 
priations from  Harvard  University  and  the  Massachusetts  Institute  of 
Technology  and  private  gifts  from  Mr  George  G.  Crocker,  Senior,  and 
other  friends  of  the  Institute.  Ten  days  were  spent  in  a  trip  to  the 
Monnt  Taylor  region,  where  the  principal  buttes  between  C'abezon  and  a 
point  a  few  miles  north  of  Juan  Tafoya  were  studied  and  the  data  pn- 
sented  below  were  collected.  The  district  included  between  these  t\vo 
Mexican  villages  was  selected  because  it  contains,  according  to  Dutton, 
tlie  largest  and  best  presented  buttes  in  the  Mount  Taylor  region. 

I  was  accompanied  in  the  field  by  Dr  H.  W.  Shimer,  of  the  Massa- 
chusetts Institute  of  Technology,  who  made  a  study  of  the  stratigraphy 
of  the  Puerco  valley,  the  results  of  which  will  soon  be  published.  The 
j)hotographs  reproduced  on  plates  27  and  29  were  taken  by  Doctor 
Shinier.  I  am  indebted  to  Professors  W.  M.  Davis,  J.  B.  Woodwortli, 
and  T.  A.  .Jaggar,  Junior,  for  reading  the  manuscript  of  this  paper  and 
offering  criticisms  and  suggestions. 

Purpose  of  the  Investigation 

Briefly  stated,  the  objects  of  the  trip  were  as  follows: 
(1)   To  ascertain  further  details  regarding  the  structure  of  the  sup- 
j)nsed  necks  and  tlicir  relation  to  tlie  surrounding  sediments. 
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(2)  To  see  if  it  were  possible  to  harmonize  the  facts  observed  in  the 
field  with  some  other  theory  of  origin  than  that  elaborated  by  Dutton. 

(3)  To  determine  as  far  as  possible  what  features  may  be  used  as 
critical  evidence  in  discriminating  between  volcanic  necks  and  remnants 
of  eroded  laccoliths  or  columnar  sheets  of  lava. 

The  Conclusions  ke ached 

The  studies  led  to  several  conclusions  which  are  stated  more  fully  in 
subseiiuent  pages^  but  which  may  here  be  summarized  as  follows: 

(1)  Those  buttes  of  the  Mount  Taylor  region  observed  by  us  are  un- 
ilcmbted  volcanic  necks,  as  determined  by  Button,  and  do  noi  admit  of 
any  other  interpretation. 

(2)  X'ertical  columnar  structure  is  apt  to  characterize  the  upper  por- 
tions of  volcanic  necks,  as  should  be  expected  from  theoretical  consider- 
ations and  as  is  fully  exemplified  in  many  of  the  Mount  Taylor  necks. 
Sucii  structure,  therefore,  can  not  be  used  as  evidence  in  discriminating 
between  necks,  and  remnants  of  laccoliths  or  columnar  lava  sheets. 

(3)  Frequent  sections  about  many  of  the  necks  show  them  to  be  sur- 
rounded by  horizontal  sediments  which  have  not  been  disturbed  by  the 
intrusion  of  the  necks.  Disturbed  sediments,  therefore,  are  not  a  neces- 
sary accompaniment  of  volcanic  necks,  and  the  absence  of  such  disturb- 
ance can  not  be  urged  as*  an  evidence  of  some  other  origin  for  any  biitte 
\s  liose  nature  is  in  doubt. 

(4)  Vertical  columns  which  curve  outward  at  the  base,  as  in  tlie  Devils 
lower  and  in  some  of  the  Mount  Taylor  necks,  are  more  apt  to  occur  in 
volcanic  necks  than  in  remnants  of  laccoliths  or  columnar  sheets  of  lava. 

(5)  In  general,  it  appears  that  the  selection  of  any  specific  structural 
feature  as  a  guide  to  the  critical  distinction  between  volcanic  necks  and 
remnants  of  laccoliths  or  columnar  sheets  of  lava  is  unsafe.  There  are 
few,  if  any,  features  Avhich  might  not  occur,  to  some  extent  at  least,  in 
buttes  having  different  origins.  The  concordant  testimony  of  a  variety 
of  evidence  from  a  large  number  of  different  buttes,  however,  can  hardly 
leave  any  doubt  as  to  their  origin,  especially  when  the  general  geological 
history  of  the  regicm  is  taken  into  account. 

Literature 

The  only  detailed  account  of  the  buttes  of  the  Mount  Taylor  region 
is  that  by  Dutton  in  his  paper,  "Mount  Taylor  and  the  Zuiii  plateau." 
The  paper  discusses  several  problems  of  wide  scope,  the  volcanic  buttes 
being  but  one  of  the  interesting  features  considered.     The  fifteen  pages 
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devoted  to  the  lava-capped  mesas  and  the  buttes,  however,  give  a  good 
idea  of  the  essential  features  with  which  we  are  concerned,  and  offer  the 
best  explanation  yet  available  as  to  the  manner  in  which  the  great  cylin- 
drical masses  of  lava  came  up  through  the  surrounding  sediments.  A 
dozen  illustrations  show  the  typical  appearance  of  the  buttes. 

As  seen  in  the  field,  the  nature  of  the  buttes  is  so  evident  that  no  one 
who  has  seen  them  would  doubt  the  manner  of  their  origin.  It  is  there- 
fore not  surprising  that  Button  regards  them  as  true  volcanic  necks  and 
does  not  discuss  alternative  theories  or  interpretations.  We  read  on 
page  167  that  "the  experienced  geologist  who  has  traveled  much  in  these 
regions  will  recognize  their  significance  at  a  glance,"  and  on  page  168, 
that  "the  interpretation  here  given  is  such  as  would  be  accepted  at  once 
by  any  geologist,  but  the  general  reader  might  like  some  further  proof 
of  it.  He  can  have  an  abundance."  Then  follows  a  detailed  description 
of  many  of  the  buttes,  which  will  be  referred  to  again  in  subsequent 
pages. 

Button  was  unable  to  visit  the  two  finest  buttes  in  the  region,  Cabezon 
and  Great  neck,  but  saw  them  from  a  distance.  My  own  observations 
included  these  two  and  a  number  of  intervening  ones;  so  that  the  data 
collected  were  not  repetitions  of  those  presented  by  Major  Button,  but 
rather  supplementary  to  them. 

Professor  Xewberrv,  in  his  report  on  the  geology  of  the  exploring  ex- 
pedition from  Santa  Fe  to  the  junction  of  the  Grand  and  Green  rivers, 
figures  the  great  (^abezon  ])eak  on  ])late  XI  of  the  report,  but  does  not 
discuss  its  origin,  except  to  say  that  it  has  a  general  resemblance  to  the 
Needles  of  tlie  San  Juan  valley  (page  117).  Concerning  the  Xeedles  he 
writes  (page  107)  : 

"This  Is  a  mass  of  enipte<l  rock,  rising  with  perpendicular  sides  from  the 
middle  of  the  valley.  ...  Its  altitude  Is  about  1,700  feet  nlK>ve  its  base: 
alx)ve  the  river,  2.2C2  feet.  It  is  everywhere  surrounded  by  stratified  rocks, 
nnd  its  isolated  position  and  peculiar  form  render  Its  origin  a  matter  of  some 
little  doubt.  My  conviction,  however,  is  very  decided  that  its  remarkable  relief 
Is  due  to  the  washing  away  of  the  sediments  which  once  surrounded  it,  and 
which  formed  the  mold  in  which  it  was  cast.  In  no  other  way  can  I  imagine 
its  vertical  faces  of  T,000  feet  to  have  l)een  formetl." 

The  figure  of  Cabez(m,  while  not  very  accurate,  shows  the  vertical 
columnar  structure,  and  the  figun*  of  the  Xeedles  (plate  X)  indicates 
that  the  same  stnicture  is  found  in  that  apparent  neck. 

Heference  has  been  made  to  the  Bevils  tower,  or  Mato  Tepee,  of  Wyom- 
ing, and  its  interpretation  as  a  remnant  of  a  laccolith.  Professor  Jaggar, 
in  his  paper,  "liaccoliths  of  the  Black  Hills,"  mentions  the  occurrence  of 
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a  somewhat  annular  type  of  drainage  about  the  tower,  the  presence 
of  agglomerate  exposed  at  one  place  near  its  base,  the  compact  character 
of  the  nx'k  composing  the  tower,  and  its  association  with  undoubted 
laccoliths  in  the  same  general  region  as  some  of  the  evidences  in  favor 
of  a  laccolithic  origin  for  the  tower,  but  says  (page  266)  : 


•krpi 


The  iiioKt  conclusive  evidences  against  a  8ubjuc*eiit  couduit  to  the  Mato  Toi)eo 
luuKH  are  tlie  presence  of  black  shale  in  the  a;;glonierate,  the  undisturbed 
horizontal  beds  which  the  tower  rests  uix)n.  and  tlie  vertical  columns." 


Genekal  Geology 

'i'he  sediment arv  rocks  of  the  rcicion  consist  of  vellow  and  srav  Cre- 
taceous  sandstones  and  shales,  generally  with  a  gentle  dip  to  the  north- 
ward in  the  Puerco  Valley  district.     After  the  tilting  of  .these  beds  the 
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FicJUBK   1. — akeivh   Alap   of   the    Mmnit    Taylor    Retfion. 
Black  dots  nbow  location  of  Hoirje  of  the  necks. 

region  was  reduced  by  erosion  to  a  surface  of  rather  faint  relief.     This 
])eneplain  neatly  bevels  across  the  inclined  layers,  as  can  be  distinctly 
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seen  in  tlie  walls  of  both  the  Mount  Taylor  and  the  Prieta  mesas.  The 
amount  of  dip  is  generally  so  small,  however,  that  in  a  limited  exposure 
the  beds  appear  horizontal.  In  speaking  of  the  exposures  about  the  vol- 
canic buttes,  the  imperceptible  northward  dip  will  be  ignored  and  the 
beds  regarded  as  horizontal,  except  in  those  cases  where  local  tilting  is 
evident. 

On  this  surface  of  faint  relief  was  built  the  massive  cone  of  the  Mount 
Taylor  volcano  and  the  surrounding  lava  flows.  For  detailed  descrip- 
tions of  the  main  volcano,  the  lava  flows,  and  the*  minor  cones  rising 
above  the  flows,  the  reader  is  referred  to  Dut ton's  essay.  According  to 
Dutton,  the  lava  flows  are  not  derived  from  the  main  volcano,  but  from 
numerous  vents  scattered  over  the  tableland.  Bepeated  outflows  from 
these  vents  interlaced  to  build  up  a  lava  cap  several  hundred  feet  in 
thickness  and  some  hundreds  of  square  miles  in  area.  Cinder  cones  were 
built  on  the  lava  cap  in  places,  indicating  occasional  explosive  phases  at 
some  of  the  vents. 

Thus  closed  the  period  of  vulcanism,  and  there  followed  a  long  era  of 
quiet,  during  which  we  have  no  evidence  of  any  recurrence  of  lava  out- 
breaks. With  the  exception  of  recent  basalt  fields  farther  south  and 
west,  wholly  distinct  from  and  not  to  be  confused  with  the  lavas  of  the 
]\rount  Taylor  and  Prieta  mesas,  there  is  no  trace  M'hatevcr,  so  far  as  the 
region  has  been  studied,  of  any  recurrence  of  volcanic  activitA^  since  the 
period  of  eruption  which  formed  the  great  lava  cap  of  the  region.  Con- 
cerning the  age  of  the  flows  which  make  up  this  cap,  Major  Dutloii 
wriies  (page  177)  : 

"Tlio.v  were  Terllar.v:  iH*obal»ly  Middle  Tertiary.  .  .  .  N<»uo  of  them  ran 
ho  re^ardf^l  as  re<*eiit  In  any  sense  whatever.  Nowhere  on  the  surfat-o  of 
Mount  Taylor  or  of  its  surrounding  lava  slie<»t  has  aijy  fresli-looking  rock  lK*en 
found.    The  traces  of  time  are  visible  everywhere." 

Since  llie  close  of  the  volcanic  period,  the  history  of  the  region  luis 
i»cen  one  of  erosion.  The  country  of  low  relief  and  the  lava  cap  whicli 
overspread  part  of  it  were  subjected  to  renewed  dissec*tion.  Dwj)  val- 
leys were  cut  through  the  .lava  cap  into  tlie  underlying  softer  nx-k,  and 
extensive  sap])ing  of  these  softer  beds  all  around  the  edge  of  the  lava 
cap  caused  continual  decrease  in  the  size  of  tlie  mesa.  Tbe  deepening 
and  broadening,  of  the  Puerco  valley  hajs  isolated  the  eastern  end  of  the 
mesa  forming  the  smaller  remnant  called  Prieta  mesa.  Today  we  find 
that  the  lava  cap  and  over  1,000  feet  of  the  underlying  sediments  have 
been  removed  over  extensive  areas,  so  that  we  recognize  in  Mount  Taylor 
mesa  and  its  isolated  remnants  a  tableland  of  sandstone  capped  by  lava, 
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which  represents  only  a  jiortion  of  its  former  gR-ater 
extent.     The  biittes  occur  in  the  eroded  area. 

'I'lie  numerous  vents  from  whit'h  the  lava  spread  nut 
to  form  ttie  givat  surface  cap  must  liave  eonneeteJ  with 
some  kind  of  conduits  extending  downward  tlirough 
the  sandstone  to  tlie  depths  from  which  the  lava  rose. 
Ar  soon  as  the  resistant  cap  was  removed,  the  under- 
lying sandstones  would  be  quickly  worn  away ;  hut  here 
and  there  ought  to  be  left  standing  some  masses  of  re- 
sistant igneous  rock  representing  the  lava  which  hard- 
ened in  the  conduits.  A  view  across  the  Piierco  valley 
ii'veais  many  shafts  or  cylindricai  masses  of  lava  rising 
ii.s  huttea  well  above  the  valley  lowland,  produced  hy 
erosion  of  the  softer  beds.  The  etmclusion  is  most 
natural  that  the  buttes  represent  "neeks"  of  lava  which 
hardened  io  tu1>e-like  conduits  leading  from  unknown 
depths  up  to  vents  on  the  former  surface,  the  surface, 
together  with  the  cones  and  flows  which  were  built 
upim  it,  having  been  removed  hereabout  by  erosion. 
Such  a  conclusion  is  strengthened  if,  like  Dutton,  one 
seeM  sections  of  such  shafts  of  lava  in  the  side  of  the 
mesa  connecting  above  with  cones  and  lava  flows  not 
yet  wholly  destroyed.  He  docs  not  doubt  that  under 
llic  portion  of  the  lava  cap  which  still  remains  arc 
many  other  such  "necks"  leading  up  to  the  cinder  cojies 
and  other  vents  still  seen  on  the  surface  of  the  cap, 
which  will  some  day  bo  reveaktl  hy  the  wmoval  of  the 
cap  and  the  enclosing  sediments. 

It  is  c:<sentiat  to  the  Ix'tter  appreciation  of  what  is  to 
fidhnv  that  the  three  main  points  in  the  histiiry  of  the 
Mount  Taylor  region,  as  noted  above,  lie  kept  in  mind. 
Thi-^'  are.  briefly,  (I)  the  reduction  of  tlie  region  to  a 
peneplain:  (2)  the  occurrence  of  a  period  of  volcanic 
activity  during  which  the  peneplain  was  covered  with 
ft  lava  cap  derived  from  numerous  vents;  {;!)■  the  ex- 
tensive erosion  of  the  region,  including  the  removal  of 
Ihe  lava  cap  and  underlying  sediments  from  large  areas, 
and  the  exposure  of  the  shafts  of  lava  which  hardened 
in  the  conduits. 
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Structural  Dktails 

Wc  raav  now  consider  the  structural  details  of  some  of  tlie  Mount 
Taylor  buttes,  after  which  it  will  he  in  order  to  examine  critically  the 
several  theorit*s  wliich  might  be  advanced  in  explanation  of  their  origin. 
Doubtless  most  of  the  buttes  have  names  by  which  they  are  known  to  the 
Mexicans,  })ut  as  I  was  not  able  to  learn  these  names  in  all  caws,  I  desig- 
nated the  buttes  bv  numl)ers  in  mv  notebook  and  will  so  refer  to  them 
now,  adding  the  correct  name  when  possible. 

Number  1,  Cal)ezon  peak.  This  is  probably  the  finest  butte  in  the 
Mount  Taylor  region,  although  Great  neck,  described  on  a  later  page,  is 
a  close  second.  As  stated  in  Major  Dutton's  •  report,  the  topographers 
who  ascended  Cabezon  found  its  altitude  to  1k»  2,160  feet  above  the  vallev 
bottom.     Its  diameter  is  given  as  about  1,400  feet.     A  famous  landmark 


FiovRE  3. — Cahezuu,  Hhotcitiff   KjriKtsitre  of  Hiirromnliiiu   hovizontul  /^edimvutH. 

for  many  years,  it  has  been  figured  in  several  of  the  early  exploration 
reports.  It  is  indeed  a  most  striking  feature  in  the  landscajK*,  with  its 
dark  shaft  outlined  against  tlie  sky  or  against  the  yellow  sandstones  of 
the  surrounding  countrv. 

We  approached  Cal>ezc)n  from  the  east,  our  first  good  view  of  the  |3eak 
l)eing  that  reproduced  in  plate  25,  figure  1.  From  a  point  a  few  miles 
nearer  we  could  see  tliat  tlie  butte  possessed  fine  vertical  columnar 
structure,  and  tliat  down  toward  its  base  the  columns  in  places  curved 
outward  toward  the  periphery.  Tlie  main  tower  rises  above  a  circular 
terrace  of  ('retaceous  sandstones  wliich  ajjpear  to  be  horizontal,  but 
which  are  not  well  ex  postal  on  the  east.  The  immediate  base  of  the 
tower  is  more  or  loss  obscured  l)v  a  talus  of  broken  columns. 

Cmitinuing  to  the  town  of  (^abezon,  we  obtained  a  fine  view  of  the 
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butte,  and  observed  that  the  horizontal  Cretaceous  beds  wliich  form  the 
terrace  or  encircling  platform  continue  close  up  to  the  tower  without  any 
signs  of  disturbance.  From  the  northwest  and  west  vertical  cohimns 
curving  outward  toward  the  base  are  seen,  as  well  as  some  places  which 
suggest  a  cross-section  view  of  more  or  less  radially  disposed  columns. 
White  and  yellow  sandstone,  apparently  not  greatly  affected  by  heat  and 
quite  horizontal,  were  found  near  the  top  of  the  terrace,  within  less  than 
a  hundred  yards  of  the  base  of  the  tower. 

We  examined  Cabezon  around  more  than  three-ciuarters  of  its  circum- 
ference (see  plate  25  and  figure  3),  finding  it  very  symmetrical,  cylin- 
drical in  shape,  with  a  number  of  exposures  of  the  horizontal  beds  about 
its  base  and  abundant  evidence  of  vertical  colunmar  structure,  although 
the  columns  are  nowhere  so  perfectly  developed  as  in  the  Devils  tower. 
We  observed  no  dirt^ct  contact  between  the  igneous  rock  and  the  sedi- 
ments as  we  did  in  other  cases,  and  found  the  base  of  the  tower  and  the 
surrounding  sediments  more  obscured  by  talus  and  vegetation  than  was 
usually  true. 

In  general  the  buttes  of  the  Mount  Taylor  region  do  not  rise  above  the 
former  level  of  the  lava  cap,  as  indicated  by  the  adjacent  remnants  of 
the  lava-capped  mesas.  Cabezon  is  one  of  the  two  exceptions  which  we 
noted.  It  is  evident  that  both  Cabezon  and  Great  neck  rise  above  the 
level  of  Prieta  mesa,  although  Cabezon  is  little,  if  any,  higher  than  the 
top  of  Mount  Taylor  mesa  to  the  west,  while  (Jreat  neck  does  not  reach 
that  level.  Both  buttes  show  features  which  are  of  s})ecial  interest  in 
connection  with  the  unusual  heights  to  which  they  attain.  Thus,  while 
the  main  portion  of  Cabezon  is  made  up  of  dark,  compact  basalt,  the  talus 
slopes  show  much  vesicular  basalt,  black,  gray,  and  red  in  color,  weath- 
ered down  from  the  summit.  The  surface  of  the  lava  cap  on  Prieta 
mesa  slopes  upward  toward  the  north,  as  if  rising  toward  a  large  cone 
which  formerly  existed  above  the  Cabezon  1ml te,  but  which  lias  been 
destroyed  by  erosion.  Both  buttes  are  of  unusually  large  dianicler,  thus 
having  a  better  chance  for  the  preservation  of  their  upward  continuations 
in  overlying  lava  flow  or  cones.  The  slopes  at  the  base  of  Cabezon  are 
strewn  with  fragments  of  a  peculiar  agglomerate,  to  l)e  described  in  con- 
nection with  butte  number  3. 

Xumber  2,  Twin  Peak  (plate  26,  and  figure  4).  As  seen  from  a 
distance,  this  butte  appears  to  be  somewhat  elongated  in  a  north  and 
south  direction.  It  is  surrounded  by  Cretaceous  sands  and  shales,  which 
were  easily  distinguished  and  which  were  aj)parently  quite  horizontal. 
Erosion  has  left  the  northern  and  southern  ends  of  the  butte  somewhat 
higher  than  the  middle  portion;  hence  the  name,  "Twin  Peak."     This 


312      D.  W.  JOUNSON VOLCANIC   NECK^  OF  MT.  TAYLOK  REGION 

butte  was  not  seen  at  close  range,  but  tlie  sc^diments  appear  to  continue 
well  up  toward  the  top  of  the  neck  at  the  northern  end,  indicating  a  more 
or  less  nearly  vertical  contact. 

Xumber  3  (plate  27).  This  butte  is  rudely  cylindrical  in  cross- 
section,  is  fairly  flat-topped,  of  smaller  diameter  than  Cabezon,  and  does 
not  form  so  prominent  a  landmark  as  many  of  the  others.  A  complete 
circuit  of  this  butte  was  made  for  the  purpose  of  examining  it  carefully 
on  all  sides. 

On  the  eastern  side  the  yellow  and  l)rown  Cretaceous  shales  and  sand- 
stones are  well  exposed,  and  are  seen  to  be  quite  horizontal  and  little 
affected  by  heat.  They  may  be  traced  to  within  less  .than  fifty  feet  of 
the  butte  at  this  point,  but  the  precise  contact  is  obscured.  All  sedi- 
ments have  l)een  stripped  away  from  this  side  of  the  butte  down  to  the 
level  of  a  hard  sandstone  layer,  and  this  layer  and  its  underlying  beds 


FiGURK  4. — Twin  Peak,  thotciny  horizontal  (9€(liment«  icell  up  Sitiea  of  Unite. 

are  seen  to  be  horizontal  so  close  to  the  butte  which  rises  above  them  that 
the  appearance  from  a  distance  suggests  a  horizontal  contact  Iwtween 
igneous  rock  resting  directly  upon  the  sediments.  A  closer  examination 
shows  that  in  no  exposure  does  the  igneous  rot^k  rest  upon  the  sediments; 
but  large  remnants  of  the  sediments  found  well  up  toward  the  summit  of 
this  butte  on  other  sides  proves  that  the  contact  is  essentially  vertical. 

The  internal  structure  of  the  butte  is  fairly  typical  of  the  greater 
number  of  those  examined.  It  is  found  to  l)e  composed  of  a  peculiar 
agglomerate  consisting  of  angular  or  somewhat  rounded  fragments  of 
vesicular,  generally  reddish  lava,  loosely  held  together,  often  containing 
fragments  of  sandstone  and  shale,  and  shot  through  in  all  directions  by 
great  tongues  or  stringers  of  more  massiNc  columnar  lava.  The  columns 
in  this  butte  are  often  finely  developed  at  right  angles  to  the  contact  with 
the  agglomerate,  showing  that  the  liquid  lava  was  the  last  to  be  intruded. 
Doubtless  in  many  cases  there  have  been  vseveral  alternations  of  the  two 
types  of  activity.     The  agglomerate  suggests  a  more  or  less  exploeive 


SbuwliiB   imcllshiilii'J   BiirniiincHiiB   slialfs   cajjped   by   ! 
BUTTES  NUMBERS  3  AND   14 


STRUCTURAL  DETAILS 


313 


phase  of  volcanic  activity.  Both  sedimentary  and  igneous  fragments  arc 
often  rounded  and  appear  to  liave  been  churned  up  together.  Distinctly 
l)omb-like  masses  of  lava  are  often  seen.  The  sedimentary  fragments 
vary  in  size  up  to  three  feet  in  diameter,  and  are  frequently  much  baked 
on  their  outer  surfaces.  As  a  rule,  no  evidence  of  stratification  is  visible 
in  the  agglomerate,  but  occasionally  distinct  traces  of  rude  bedding  are 
made  out  near  the  side  of  the  butte,  as  if  during  a  somewhat  quieter 
phase  of  the  eruption  an  old  conduit  were  filled  up  with  the  fragmental 
material  which  was  not  carried  clear  awav  from  the  exit. 

Up  through  the  great  mass  of  agglomerate  came  the  basaltic  lava,  ap- 
parently rising  higher  than  the  agglomerate  in  places  and  flowing  over 
it.  How  much  higher  the  lava  reached  is  problematical.  On  tlie  south- 
eastern side  is  seen  a  splendid  contact  between  the  agglomerate  and  the 
lava,  the  line  of  contact  running  up  the  face  of  the  butte  to  near  the  top, 


FiGUKE  5. — Buite  numher  J^,  showing  hoHzontal  ScdimentH  surrounding/   is/ncoii»   Core, 

ioith  vertical  Contact  cJ'poMcd  on  south  tiide. 

and  tljen  becoming  horizontal  where  the  lava  flowed  out  over  the*  ag- 
^domeratc,  while  the  columns,  being  at  right  angles  to  the  contact,  are 
horizcmtal  so  long  as  the  contact  is  vertical,  l)ut  change  to  vertical  wlierc 
the  contact  is  horizontal.     Jn  other  places  the  columns  are  less  reguhir. 

At  various  points  around  this  butte  the  sandstone  was  found  in  jjhue 
well  up  the  sides  of  the  neck,  while  in  the  ravine  the  igneous  rock  could 
be  followed  down  to  much  lower  levels,  leaving  no  doubt  in  the  mind  of 
llie  observer  that  the  contact  was  essentiallv  vertical,  arid  that  tlie  scdi- 
ments  must  formerlv  have  enclosed  the  rudelv  cvlindrical  butle  on  all 
sides,  having  since  been  partly  removed  by  erosion. 

It  should  be  noted  that  this  butte  and  its  enclosing  sediments  are  found 
several  hundred  feet  lower,  both  as  to  actual  present  elevation  and  as  to 
stratigraphic  position,  than  the  Cabezon  and  Twin  Peak  buttes.  Tliere 
is  seen  to  be  no  relation  between  the  buttes,  so  far  as  absolute  or  relative 
elevations  are  concerned.  Their  heights  and  the  part  of  tlie  sedimentary 
series  still  found  about  them  depend  on  the  amount  of  destruction  accom- 
plished by  erosion  at  each  particular  point. 
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Xumber  4  (figure  5).  This  butte  resembles  number  3  in  being  com- 
posed of  both  agglomerate  and  colunmar  basalt.  A  detailed  description 
of  the  structural  features  of  the  different  buttes  would  in  most  cases  be 
essentially  a  repetition  of  that  given  alwve  for  number  3.  Accordingly 
only  critically  important  points  will  be  specifically  mentioned  in  the 
remaining  descriptions. 

The  horizontal  Cretaceous  IxhIs  are  well  exposed  alK)ut  the  base  of 
number  4,  and  in  some  places  well  up  the  sides.  This  is  esjxKially  true 
on  the  south  side,  where  horizontal  sediments  are  seen  well  up  toward 
the  summit,  making  a  vertical  contact  with  the  igneous  core  of  the  butte. 

Xumber  5  (plate  30^  and  figures  6  and  T).  This  butte  is  of  special 
interest  because  of  the  unusually  good  exposures  it  affords.  On  the  nortb- 


KiuuRE  6. — Diagrammatic  Sketch  to  shoic  Relation  of  aurrountting  horizontal  tScdimentn 
to  igneous  Core  of  Butte  number  3  and  the  complex  Structure  of  the  Core. 

ern  and  western  sides  the  vellow  sandstones  and  shales  are  beautifully 
exposed  and  show  practically  no  disturbing  effect  of  the  intrusion.  Gul- 
lies have  cut  back  through  the  sediments  to  the  butte,  ending  abruptly 
against  the  more  or  less  vertical  wall  of  igneous  rock.  These  give  peculiar 
niches  or  alle\T*'^ays,  fianked  on  either  side  by  steep  walls  of  horizontal 
sediments,  with  a  back  wall  of  igneous  rock  formed  by  the  side  of  the 
butte.  The  precise  contacts  are  sometimes  well  shown,  and  are  seen  lo 
I>e  essentially  vertical.  The  sediments  are  usually  cut  off  square,  without 
any  evidence  of  disturbance  whatever,  but  occasionally  they  show  a  slight 
dip  away  from  the  contact.  In  one  place  a  distinct  stringer  or  dike  is 
seen  running  from  the  butte  out  into  the  sediments. 

The  upper  part  of  the  butte  sliows  fair  vertical  columnar  structure  in 
places,  and  vertical  colunms  are  found  well  down  the  butte  on  one  side 
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at  least.  Elsewhere  the  columns  are  curved  and  rather  irregularly  devel- 
oped. Radially  disposed  columns  appear  to  be  shown  in  cross-section. 
On  one  side  of  the  butte  rudely  bedded  agglomerate  is  found,  with  verti- 
cal columns  close  by.  In  places  the  agglomerate  is  shot  through  in  every 
direction  with  columnar  and  more  massive  lava,  producing  as  complicated 


^  V  ^^*'*^'—   £=.  -^I^ 


Fioi'RE  7. — Cronn-aection  ahmring  Relation  of  horizontal  Sediments  to  igneoua  Core  of 

Butte  number  5,  treatern  8i(fe. 

a  mixture  of  the  two  as  one  could  well  imagine.  The  lava  is  in  part  very 
vesicular,  in  part  more  dense.  The  accompanying  text  figure  6  is  gen- 
eralized from  field  sketches  and  photographs,  and,  while  showing  the 
general  relations  fairly  well,  indicates  a  much  less  complicated  structure 
for  the  igneous  core  than  actually  exists.  The  sandstones  near  the  con- 
tact with  the  butte  appear  somewhat  more  yellow  than  those  farther 


FinuRB  8. — Cerro  Cm-hino,  ahotriuff   igneous   Core  rising  above  surrounding  horizontal 

Pediments. 

away,  and  arc  possibly  a  little  firmer,  suggesting  some  metamorphic  in- 
fluence of  the  butte.  It  might  be  that  this  induration  has  made  the  beds 
more  resistant  to  erosion,  in  part  accounting  for  the  small  zone  of  sedi- 
ments often  left  about  the  nocks;  but  the  results  of  baking  may  not  be 
w)  pronounced.     In  most  cases  it  is  hard  to  detect  any  metamorphism 
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"whatever.  The  circular  benches  df  sediments  are  more  likelv  due  to  the 
protective  action  afforded  by  the  central  cores  of  igneous  rock  rising  well 
above  them  and  the  accumulated  talus  of  large  lava  fragments  which  arc 
sometimes  found  about  the  bases  of  the  towers. 

Number  6,  Cerro  Cochino  (plates  26  and  28,  and  figure  8).  This 
butte  is  composed  of  a  very  large  bench  or  terrace  of  the  horizontal  Cre- 
taceous sediments,  from  the  top  of  which  rises  a  shaft  of  igneoiw  rock. 
The  right-hand  butte  shown  in  figure  21  of  Button's  report  is  evidently 
(Vrro  Cochino.     We  made  no  detailed  examination. 

Number  7  (plate  28).  Southeast  of  the  Mexican  village  of  Salazar  is 
a  large  butte  surrounded  by  horizontal  sandstones  and  shales.  The 
butte  appears  to  be  elongated  in  a  north  and  south  direction,  although 
we  did  not  make  a  close  examination.     Just  north  of  it,  in  the  side  <»^ 


FiorRB  0. — Crnnn-sef'tiun  ahowina  Contact  of  horizontal  Sedimentn  tcith  igneous   Core 

of  Butte  number  S. 

Precise  contact  covei*cd  with  wash. 

Prieta  mesa,  there  is  evidence  of  a  fault,  the  displacement  being  75  feet 
or  more,  as  nearly  as  we  could  estimate. 

Number  8  (figure  9).  This  is  a  medium-sized  butte  showing  finr 
columnar  structure,  the  columns  pointing  in  almost  every  direction,  ex- 
(jept  that  no  good  vertical  ones  were  seen.  The  sediments  have  been 
stripped  away  from  every  side  but  the  southeast,  where  they  are  seen 
making  a  vertical  contact  with  the  igneous  rock  of  the  butte  almost  to  its 
summit.  The  beds  remain  horizontal.  A  small  dike,  a  few  feet  in 
width,  can  be  traced  from  the  butte  a  short  distance  northward. 

Number  9.  This  butte  contains  a  large  proportion  of  agglomerate^  and 
as  seen  from  a  distance  appears  to  be  somewhat  elongated  in  a  nortl.- 
south  direction.  Small  hummocks  arc  seen  at  intervals  southward 
toward  Great  neck ;  these  hummocks  nuiy  be  minor  buttes  similar  to  the 
larger  one^j,  or  remnants  of  a  dike;  it  was  not  possible  for  us  to  visit 
them. 


DIKE  OCCUPYING  MUUT  FISSURE,  AND  BUTTES  11  AND  1! 
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Numbers  10,  11»  12,  13.  The  relatioiis  of  tear  flaoDftll  bfuttcB  west  of 
Salazar  are  of  special  interest.  A  north-and-south  dike  (plate  29), 
from  2  to  4  feet  in  width,  occupies  a  fault  fissure,  the  evidence  of  fault- 
ing appearing  where  a  somewhat  massive  sandstone  meets  softer  sands 
and  shales  at  the  fissures.  At  one  point  the  dike  suddenly  expands  into 
a  butte  some  20  feet  in  width  by  ;35  in  length,  composed  of  the  peculiar 
agglomerate  so  often  found  in  the  large  buttes,  and  of  columnar  basalt, 
the  columns  Imng  irregularly  curved.  A  short  distance  south  is  a  much 
larger  butte,  also  an  expanded  portion  of  the  dike,  showing  beautifully 
curved  basaltic  columns  more  or  less  radially  disposed  (plate  29).  From 
this  point  a  branch  dike  seems  to  run  oif  to  the  west,  expanding  into 
small  buttes  at  two  points.  The  first  of  these  two  buttes  is  composed  in 
part  of  the  agglomerate  containing  sandstone  fragments,  while  basaltic 
columns  are  approximately  horizontal  on  either  side,  showing  a  form 


KKii'RB  10. — lHayram  ahoiciny  delation  of  butte  number  14  to  surrounding  Seffimentt 
i8iial€9  capped  by  Sandtitone)   and  to  other  Buttes  in  the  RcQion. 

transitional  between  dike  and  butte.  It  is  clear  that  the  buttes  repre- 
sent igneous  rock  which  filled  tubular  conduits  leading  up  through  the 
sediments,  just  as  the  associated  dike  represents  igneous  rock  which 
filled  a  fissure  in  the  sediments. 

Number  14  (plate  27,  and  figure  10).  Southwest  of  Salazar  is  a 
butte,  75  or  100  feet  in  diameter,  composed  almost  entirely  of  agglom- 
erate which  included  large  fragments  of  sandstone  and  shale.  This 
butte  is  surrounded  by  horizontal  gray  shales  capped  by  yellow  sand- 
stone. On  three  sides  these  beds  rise  practically  to  the  present  summit 
of  the  butte,  erosion  having  etched  out  a  semicircular  depression  about 
the  inunediate  contact,  leaving  the  butte  somewhat  isolated  from  the 
enclosing  sediments.  That  the  contacts  about  this  rudely  cylindrical 
butte  must  have  been  vertical  is  quite  evident.  The  direct  contact  is 
occasionally  still  visible,  the  beds  being  bent  upward  in  some  places  near 
the  butte,  but  remaining  horizontal  elsewhere.  Sedimentary  rocks,  well 
exposed,  were  traced  all  around  the  butte  without  discovering  any  indi- 
cation of  a  dike. 
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Numbers  15  and  16.  About  a  mile  north  of  Great  neck  is  a  small 
butte  which  appears  to  be  composed  wholly  of  agglomerate,  although  its 
western  side  was  not  seen.  One-third  of  a  mile  northwest  of  Qreat 
neck  is  another  small  butte  composed  of  both  agglomerate  and  beauti- 
fully columnar  basalt,  tlie  columns  being  irregularly  disposed. 

Xumber  17,  Great  neck  (plate  30).  With  the  exception  of  Cabezon, 
this  is  the  finest  butte  in  the  region.  According  to  Button's  report,  it 
rises  1,800  or  1,900  feet  above  the  valley  and  has  a  diameter  of  about 
1,300  feet.  Although  that  writer  was  unable  to  visit  it,  he  reproduces  a 
picture  of  it  in  his  report. 

On  examination  we  found  the  greater  part  of  this  butte  to  consist  of 
columnar  basalt.  As  seen  from  the  northwest,  the  columns  in  the  main 
portion  of  the  butte  are  vertical.  Farther  around  t6  the  west  side  the 
columns  are  vertical  above,  but  curve  outward  toward  the  horizontal 
below.  In  other  places  the  columns  are  more  irregular.  On  the  north 
side  of  the  butte  ag^ijlomcrate  and  irregular  basaltic  columns  are  seen. 

The  summit  of  the  butte  presents  features  of  some  interest.  There 
appear  to  be  two  horizontal  layers  of  igneous  rock  lying  on  the  columnar 
portion  of  the  butie  and  forming  a  sort  of  double  cap  for  it.  Ascending 
the  west  side  as  far  as  the  contact  between  the  colunms  and  the  bottom 
of  the  lower  layer,  I  was  able  to  see  that  the  latter  consisted  of  a  more  or 
less  decomposed,  structureless  sheet  of  lava,  while  above  it  came  a  thick 
layer  of  agglomerate  full  of  good  volcanic  bombs  and  exceedingly  vesicu- 
lar lava.  These  features  suggest  that  the  upper  part  of  this  great  butte 
represents  its  upward  continuation,  possibly  into  an  overlying  volcanic 
crater  where  successive  layers  of  material  spread  out  in  the  bowl  of  the 
crater,  to  be  subsequently  preserved  in  part,  because  of  their  position 
immediately  above  the  resistant  mass  of  the  butte  itself.  In  this  connec- 
tion it  is  noted  that  Great  neck  rises  distinctly  above  the  general  level  of 
Prieta  mesa  just  east,  although  it  is  lower  than  Mount  Taylor  mesa  to 
the  west. 

Other  buttes.  From  near  the  summit  of  the  west  side  of  Great  neck, 
one  can  count  from  30  to  35  volcanic  buttes,  exclusive  of  the  very  small 
ones  of  those  alreadv  mentioned.     Button  estimates  that  in  the  Mount 

ft 

Taylor  region  there  are  probably  several  hundred  of  these  buttes  exposed. 
Some  of  these  he  reports  as  being  exposed  in  the  sides  of  the  great  lava- 
capped  mesa  which  formerly  covered  the  Puerco  Valley  region,  a  com- 
plete section  of  a  butte  connecting  with  overlying  cone  and  lava  flow 
sometimes  being  secured.  Several  of  the  buttes  which  we  saw  from  a 
distance  appeared  to  he  but  partly  exhumed  by  erosion  along  the  side  of 
the  mesa,  but  we  were  unable  to  visit  them  to  determine  their  exact  rela- 
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lions.  At  the  northern  end  of  Mount  Taylor  mesa  the  lava  seems  to 
show  distinct  bedding  with  a  slight  dip  to  the  south,  while  just  north  is 
one  of  the  buttes.  The  features  strongly  suggest  a  neck  which  was  a 
conduit  to  a  volcano,  and  the  lava  flows  sloping  away  from  that  volcano, 
the  cone  itself  having  been  removed  by  erosion. 

Button  has  described  in  some  detail  a  number  of  the  buttes  in  other 
parts  of  the  region.  According  to  his  descriptions,  vertical  columnar 
structure  is  not  uncommon;  evidence  of  repeated  eruptions  from  the 
same  vent  is  abundant ;  the  buttes  are  often  elongated  rather  than  cylin- 
drical, and  the  long  axis  may  be  prolonged  in  both  directions  by  dikes. 
No  evidence  of  recent  flows  is  found  in  connection  with  the  buttes.  It 
appears,  therefore,  that  there  is  a  general  uniformity  of  essential  features 
in  the  buttes  of  different  parts  of  the  region.  In  minor  details  there  is 
variety,  some  buttes  being  large,  others  small,  with  every  gradation  in 
size  between  the  two  extremes.  Some  are  composed  almost  wholly  of 
agglomerate,  some  almost  entirely  of  basaltic  lava,  while  others  are  inter- 
mediate in  composition ;  some  of  the  buttes  appear  nearly  circular,  others 
are  more  elongated,  usually  in  a  north-south  direction;  dikes  are  visible 
connecting  two  or  more  of  the  buttes,  or  extending  a  shorter  distance 
north  and  south  of  a  single  butte,  or  appear  to  be  wholly  absent.  But, 
as  regards  those  features  critically  important  in  the  present  discussion, 
the  relations  are  uniform  and  simple.  The  buttes  are  located  in  the  low- 
lands produced  by  erosion,  are  not  associated  with  lavas  more  recent 
than  the  main  great  lava  cap  which  formerly  extended  out  over  them, 
have  evidently  served  as  vents  for  repeated  eruptions,  and  show  every 
gradation  from  buttes  well  stripped  of  enclosing  sediments,  through  those 
showing  more  or  less  of  the  sediments  making  vertical  contacts  with  tlie 
igneous  rock,  to  examples  just  beginning  to  be  exhumed  from  the  walls 
of  the  mesa  and  which  still  connect  with  overlying  cones  and  lava  flows. 

Possible  Interpretations 

A.  A8  REMNANTS  OF  LACCOLITHS  OR  SILLS 

Can  the  buttes  of  the  Mount  Taylor  region  be  interpreted  as  remnants 
of  laccoliths  or  sills,  all  the  overlying  beds  having  been  removed  by  ero- 
sion, as  well  as  all  the  intrusive  mass  except  a  small  more  or  less  cylin- 
drical shaft  ?  Such  an  origin  has  been  announced  for  the  Devils  tower,  in 
Wyoming,  partly  because  of  its  vertical  columnar  structure  and  undis- 
turbed associated  sediments.  We  have  seen  that  many  of  the  Mount 
Taylor  buttes  show  vertical  columnar  structure,  though  never  so  perfect 
as  that  in  the  Devils  tower,  while  practically  all  of  them  are  associated 
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with  undisturbed  sediments.  There  is  also  noted  a  tendency  for  the  col- 
umns to  turn  outward  toward  the  base  in  the  case  of  the  Mount  Taylor 
examples,  another  feature  which  allies  them  to  the  Devils  tower.  Ag- 
glomerate is  abundant  in  the  Mount  Taylor  examples,  and  is  found  in  the 
lower  part  of  the  Devils  tower.  There  are  certainly  features  of  strong 
resemblance  between  the  buttes  in  the  two  places.  In  pointing  out  this 
resemblance,  I  accept  Professor  Jaggar's  photographic  and  written  de- 
scriptions of  the  Wyoming  example,  as  I  have  not  seen  the  tower. 

To  such  an  interpretation  for  the  Mount  Taylor  buttes  there  appear  to 
be  serious  objections.  First,  we  should  have  to  imagine  hundreds  of  lacco- 
liths or  sills  developing  at  all  possible  horizons  in  a  series  of  sandstones 
and  shales,  either  near  the  surface,  which  was  at  the  same  time  covered 
with  a  flow  of  the  same  lava,  or  else  in  depth  with  long  subsequent  erosion 
and  Unally  a  surface  flow  similar  to  the  material  previously  intruded. 

We  should  have  to  grant,  further,  that  erosion  at  various  levels  and  at 
numerous  places  happened  to  be  so  nicely  adjusted  in  every  case  that  the 
overlying  arched  beds  were  invariably  completely  removed,  leaving  only 
the  horizontal  beds  beneath,  and  that  in  some  remarkable  manner  ero- 
sion always  removed  just  enough  of  the  intrusive  mass  itself  to  leave  a 
rudely  cylindrical  tower,  oval  or  circular  in  cross-section,  resembling  a 
volcanic  neck.  If  the  buttes  are  remnants  of  either  laccoliths  or  sills, 
surely  in  all  the  examples  studied  there  should  be  at  least  one  which 
would  show  some  trace  of  overlying  sediments;  one  in  some  other  stage 
of  erosion  than  the  penultimate;  one  which  in  some  way  bore  distinct 
resemblance  to  a  laccolith  or  sill. 

^iaturelv  eroded  laccoliths  or  sills  should  show  traces  of  the  horizontal 
contact  a  between  the  base  of  the  intrusive  mass  and  the  underlying 
sediments.  The  contacts  seen  in  the  Mount  Taylor  region  were  all  verti- 
cal, it  is  true  that  the  horizontal  contact  might  be  wholly  concealed  in 
one  or  even  several  remnants  of  laccoliths  or  sills,  and  that  vertical  con- 
tacts might  occasionally  be  seen  in  such  remnants  where  the  intrusive 
mass  cut  across  the  bedding;  but  it  is  beyond  probability  that  in  so  large 
a  number  of  examples  as  have  been  studied  in  the  Mount  Taylor  region 
there  should  be  found  no  trace  of  horizontal  contacts,  but  many  vertical 
(!ontacts,  if  the  buttes  were  really  remnants  of  laccoliths  or  sills. 

The  structure  of  the  buttes  makes  the  laccolithic  or  sill  hypothesis 
inadmissible.  They  are  sometimes  composed  wholly  of  an  agglomerate 
indicating  explosive  activity,  and  at  other  times  have  numerous  lava  tubes 
running  up  through  the  agglomerate,  showing  repeated  uprisings  of  the 
lava  toward  the  surface.     The  agglomerate  often  contains  good  volcanic 
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bombs.  Dense  igneous  rock  is  characteristic  of  intrusives,  but  the  lava  in 
the  Mount  Tavlor  buttes  is  often  vesicular,  sometimes  extremelv  so. 

Were  laccoliths  or  sills  so  numerous  in  the  region,  we  ought  to  find 
some  of  them  shown  in  section  in  the  sides  of  Mount  Taylor  mesa;  yet 
nothing  of  this  character  has  been  observed  there.  On  the  other  hand, 
good  sections  of  volcanic  necks  still  connecting  with  overlying  cinder 
cones  and  lava  flows  have  been  described  by  Dutton,  these  necks  bearing 
every  resemblance  to  the  closely  associated  but  more  completely  eroded 
examples  farther  out  from  the  mesa. 

In  view  of  the  above  facts,  it  would  seem  inadmissible  to  assign  a 
laceolithic  or  sill  origin  to  the  Mount  Taylor  buttes ;  hence  we  must  con- 
clude that  vertical  columnar  Structure  and  undisturbed  associated  sedi- 
ments are  not  safe  guides  in  distinguishing  between  remnants  of  laccoliths 
or  sills  and  volcanic  necks. 

H.  AS  RKM^ASTB  OF  SURFACE  FLOWS 

Can  the  Mount  Taylor  buttes  be  regarded  as  remnants  of  surface 
flows?  This  would  explain  the  vertical  columnar  structure  and  undis- 
turbed sediments  as  well  as  the  vesicular  character  of  the  lava  in  places. 

Again  we  meet  the  serious  difficulty  of  being  compelled  to  postulate 
an  erosion  which  happened  to  leave  several  hundred  more  or  less  cylin- 
drical towers  of  lava,  but  which  failed  to  leave  any  larger  remnants 
which  could  be  readily  recognized  as  undoubted  flows.  The  great  lava 
(•aj)s  of  Mount  Taylor  mesa  and  its  outlying  remnants,  at  a  fairly  uniform 
and  distinctly  higher  level,  are  obviously  not  to  be  considered  in  this 
connection.  The  fact  that  no  distinct  lava-flow  remnant  has  been  ob- 
served among  the  great  number  of  buttes  seen  in  the  erosion  lowlands  of 
the  region  is  sufficient  to  negative  the  hypothesis  here  considered. 

But  there  are  other  objections  to  the  hypothesis.  Tlie  buttes  occur  at 
different  elevations  above  the  vallev  floor  as  well  as  at  different  strati- 
graphic  horizons.  In  order  to  interpret  the  buttes  as  remnants  of  flows, 
we  must  assume  numerous  flows  at  different  levels,  or  else  a  single  flow 
over  a  very  uneven  topography.  But  we  have  already  seen  that  there  is 
no  evidence  of  any  volcanic  activity  in  this  part  of  the  district  later  than 
that  which  produced  the  great  lava  cap,  and  that  this  lava  cap  spread 
out  over  a  surface  of  relativelv  faint  relief. 

Bemnants  of  surface  flows  should  show  horizontal  contacts  with  the 
underlying  sediments,  and  only  rarely  vertical  contacts  where  the  lava 
flowed  against  some  cliff  or  valley  wall ;  yet  no  horizontal  contacts  were 
seen  in  connection  with  the  Mount  Taylor  buttes,  although  the  erosion 
of  ravines  is  often  favorable  for  the  disclosure  of  such  contacts  if  they 
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existed,  while  vertical  contacts  are  visible  about  luost  of  the  necks  and 
sometimes  alino^^t  completely  aroimd  them. 

The  Ptructure  of  the  buttes,  as  already  detscribed,  indicates  their  func- 
tion as  conduits  leading  to  some  surface  higher  up,  and  is  quite  distinct 
from  tlic  normal  structure  of  flows.  The  stringers  and  dikes,  which 
sometimes  run  from  the  buttes  into  the  surrounding  sediments,  an?  not 
Bormal  accompaniments  of  surface  flows.  Sections  of  the  buttes  in  the 
sides  of  Mount  Taylor  mesa  exclude  the  flow-remnant  h\^othesis. 

C.  A8  rOLCAMC  XKCKH 

If  the  buttes  of  the  Mount  Taylor  region  are  to  be  regardinl  as  true 
volcanic  necks,  representing  the  material  wliich  remained  in  tubes  or 
chimneys  connecting  with  vents  at  some  overlying  surface,  they  ought  to 
show  certain  critical  features. 

Being  revealed  only  as  a  result  of  the  removal  of  overlying  cone  and 
surface  flows,  volcanic  necks  ought  to  be  fouml  in  the  areas  subjected  U) 
great  ero8ic)n.  They  are  essentially  erosion  features.  We  should  expect 
them  to  occur  in  the  valley  lowlands  and  not  on  the  adjacent  highlands, 
especially  if  the  highlands  represented  the  former  surface  and  were  cov- 
ered with  portions  of  surface  cones  and  flows  not  v'ct  destroyed  by  ero- 
sion. Neither  should  the  necks  rise  above  the  former  level  of  the  lava 
cap,  as  indicated  by  associate<l  mesa  remnants,  unless,  as  might  occasion- 
ally hai)i)en,  the  upper  continuation  of  tlie  neck  into  the  cone  were  mori* 
or  less  pr(?servc(l.  The  buttt^s  of  the  Mount  Taylor  region  occur  only  in 
the  valley  lowlands  produced  by  enision  since  the  volcanic  period,  and 
seldom  rise  above  the  former  level  of  the  lava  cap  as  indicated  by  the 
elevation  of  Mount  Taylor  and  Prieta  mesas.  The  exceptions  noted  have 
features  which  indicate  that  their  upper  continuation  into  the  overlying 
cone  are  to  some  extent  preserved. 

Volcanic  necks  should  often  show  evidence  of  repeated  eruptions,  Ixith 
explosive  and  quiet.  The  different  tongui*s  or  stringt^rs  of  lava  would 
show  irregular  columnar  structure  where  various  eruptions  of  different 
riates  were  represented ;  but  where  a  single  lava  flow  welled  up  to  the  sur- 
face and  then  solidified,  the  lava  remaining  in  the  conduit  might  show 
quite  regular  columnar  structure.  That  part  of  the  lava  cooling  deep  in 
the  conduit  would  have  the  surroundinsx  sedimentarv  walls  as  the  coolinsr 
surface,  and  the  columns  would  therefore  tend  to  develop  a  radial  ar- 
rangement; but  that  portion  of  the  lava  nearer  the  top  of  the  conduit 
would  find  a  much  more  effective  cooling  surface  in  the  free  air  above  the 
crater,  and  the  columns  developing  perpendicular  to  this  cooling  surface 
would  be  vertical.     Passing  downward,  a  point  would  finally  be  reached 
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wliere  tlie  cooling  effect  of  the  sedimentary  wall  would  exceed  the  cooling 
effect  of  the  more  distant  upper  air,  resulting  in  a  change  from  vertical 
to  radial  columns.  If  the  lava  in  the  neck  was  continuous  with  a  lava 
cone  above,  both  being  highly  heated  and  the  cone  having  a  crater  in  it 
situated  above  the  neck,  there  would  result  a  vertical  columnar  structure 
in  the  upper  part  of  the  neck,  the  columns  gradually  curving  outward 
and  becoming  radial  farther  down.*  The  vertical  columnar  structure 
would  extend  much  deeper  in  necks  of  large  diameter  than  in  necks  of 
small  diameter.  The  buttes  in  the  Mount  Taylor  region  conform  to 
these  expectations  quite  closely.  Many  of  them  show  evidence  of  re- 
peated eruptions,  with  irregular  columnar  structure  in  the  different  lava 
tongues.  Some  are  composed  almost  wholly  of  lava,  with  vertical  colum- 
nar structure  in  the  upper  part,  the  columns  curving  outward  and  be- 
coming radial  farther  down.  The  larger  necks  show  the  best  vertical 
eolunms,  while  the  smaller  necks  quite  uniformly  show  an  irregular  or 
more  radial  arrangement.  In  many  cases,  of  course,  only  the  deeper 
portions  of  the  smaller  necks  are  preserved,  the  higher  portions  standing 
the  best  chance  for  preservation  in  the  necks  of  large  diameter. 

Volcanic  necks,  continuing  indefinitely  in  depth,  should  be  exposed  at 
any  elevation  or  stratigraphic  horizon  below  the  former  surface  to  which 
erosion  happened  to  reach.  The  buttes  of  the  Mount  Taylor  region  are 
found  at  all  levels,  from  the  former  upland  surface  down  to  the  Imttom 
of  the  present  valleys. 

The  erosion  of  volcanic  necks  might  (X'casionally  show  a  Iimito<I  hori- 
zontal contact  due  to  irregularity  in  the  walls  of  the  nwk,  but  most  of 
the  contacts  exposed  by  erosion  should  be  more  or  less  vertical.  All  the 
contacts  observed  about  the  Mount  Taylor  buttes  were  essentially  vertical. 

Regarding  the  attitude  of  the  sediments  enclosing  the  necks,  it  would 
appear  that  they  might  reasonably  be  expected  to  remain  practically 
undisturbed,  if  we  admit  the  gradual  enlargement  of  the  vents  from 
formerly  insignificant  apertures,  as  advocated  by  I)utt(m.  Our  own 
oliservations  led  to  the  conclusion  that  there  were  fissures  in  the  region, 
raanv  of  which  could  not  be  detected  without  more  detailed  field  studv 
than  we  could  make,  but  a  few  of  which  were  more  noticeable  because 
they  were  opened  and  filled  with  lava,  forming  dikes  which  are  still  pre- 
served, or  else  associated  with  differential  movements  developing  faults 
which  are  sometimes  visible  in  the  mesa  walls.  Along  these  fissures  were 
occasional  vents,  probably  of  exceedingly  small  diameter  to  begin  with, 
where  escaping  volcanic  material  found  its  way  to  the  surface.     Con- 


•  I  submitted  the  problem  to  Professor  Wm.  HaUock,  of  Columbia  University,  aind  am 
Indebted  to  him  for  informatloo  on  this  point. 
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tinued  explosive  ejection  through  the  most  favorable  of  these  vents  re- 
sulted in  their  enlargement  by  the  continuous  detaching  of  fragment 
after  fragment  from  the  sedimentary  walls  of  the  expanding  tube  or 
chimney.  Such  a  process  would  not  tend  to  disturb  the  attitude  of  the 
surrounding  sediments.  It  is  true  that  a  mass  of  lava  over  a  thousand 
feet  in  diameter^  thrust  up  bodily  through  horizontal  sediments,  could 
hardly  be  expected  to  leave  those  sediments  horizontal.  In  the  gradual 
enlargement  of  a  vent  from  a  few  inches  or  feet  to  a  thousand  feet  or 
more  in  diameter,  by  the  progressive  sapping  of  the  surrounding  walls, 
the  sediments  would  be  less  apt  to  suffer  disturbance,  since  fragments 
from  the  walls  of  the  conduit  would  break  off  more  readily  than  would 
great  masses  of  sediments  be  flexed  upward  by  the  locally  applied  force. 
It  is  this  latter  process  which  appears  to  have  been  active  in  producing 
the  volcanic  necks  of  the  Mount  Taylor  region.  The  horizontality  of  the 
l)eds  associated  with  the  Mount  Taylor  necks  are  therefore  to  be  regarded 
as  a  normal  feature. 

Eesumk 

In  conclusion,  it  appears  that  the  various  phenomena  associated  with 
the  buttes  of  the  Mount  Taylor  region  accord  perfectly  with  that  hypoth- 
esis which  interprets  them  as  true  volcanic  necks,  but  do  not  admit  of 
their  interpretation  as  remnants  of  flows,  sills,  or  laccoliths.  Vertical 
columnar  structure  must  be  regarded  as  a  normjl  feature  in  the  upper 
j)arts  of  volcanic  necks,  as  must  also  the  lack  of  disturbance  noted  in  tlie 
s(;diments  about  such  necks.  Inasmuch  as  the  most  conclusive  evidence 
on  which  a  laccolithic  origin  was  ascril)cd  to  the  Devils  tower  of  Wyoming 
consisted  of  features  which  are  very  characteristic  of  the  volcanic  necks 
of  the  Mount  Taylor  region,  and  since  the  descriptions  of  the  tower 
mention  no  features  that  might  not  occur  in  connection  with  a  volcanic 
neck,  the  writer  feels  that  the  origin  of  the  tower  should  be  regarded 
as  an  open  question  until  further  field  study  affords  evidence  upon 
which  a  decisive  answer  mav  be  based. 
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Introduotion 


The  facts  to  be  presented  here  were  gathered  during  the  summer  of 
1906,  while  undertaking  a  rapid  geologic  reconnaissance  in  the  region 
northeast  of  Cook  inlet,  Alaska. 

Region  Investigated 

Cook  inlet  occupies  a  broad  indentation  on  the  western  side  of  the  gulf 
of  Alaska.  The  region  explored  is  drained  by  two  rivers — the  first,  the 
Matanuska,  emptying  into  Knik  arm  at  the  head  of  Cook  inlet;  the  sec- 
ond, Sushitna  river,  emptying  into  Cook  inlet  proper.  Though  portions 
of  the  region  have  been  visited  at  various  times  in  the  past  by  Eldridge,t 
MendenhaU,§  and  Martin,  ||  much  of  the  area  is  unknown.    A  notable 

*  Reoeiyed  by  tbe  Secretary  of  the  Society  May  28,  1907. 

t  Introduced  by  Alfred  H.  Brooks. 

t  G.  H.  Eldridge :  Reconnaissance  in  Sushitna  basin,  Alaska,  1898.  Twentieth  Ann. 
Rept  U.  S.  Oeol.  Survey,  pt  vll. 
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develoj)ment  of  Jurassic  and  Tertiary  sediments  and  the  presence  of 
workable  commercial  coal  in  such  a  remote  district  seem  of  sufficient  im- 
portance to  warrant  the  presentation  of  the  following  facts : 

Scope  of  the  Paper 

An  attempt  will  be  made  to  give  a  brief  statement  of  the  stratigraphic 
succession  in  the  area  traversed.  It  should  be  stated  that  diverse  parts  of 
the  field  were  covered  by  the  writers  respectively,  and  that  the  observa- 
tions thus  made  were  therefore  in  part  supplemental.  While  the  fauna  of 
Mesozoic  age  was  almost  in  its  entirety  collected  in  the  region  east  of 
Chickaloon  creek,  the  flora  of  the  Kenai  (Upper  Eocene)  was  found  on 
the  lower  Matanuska  river  and  on  Chickaloon  creek. 

Distribution  of  the  Terranes 

A  glance  at  the  map  will  show  in  a  broad  way  the  distribution  of  the 
several  terranes.  It  may  be  s(^en  that  the  boundary  between  the  Tertiary 
and  ^lesozoic  sediments  trends  northwest  across  Matanuska  valley  about 
70  miles  from  tide  water.  The  area  mapped  an  granite  was  only  studied 
along  the  margin,  and  other  rocks  may  be  included  within  it.  Bordering 
this  central  granite  mass  on  the  western  and  northwestern  margins  is  a 
series  of  slates  and  grayw' acke-slates ;  on  the  southern  flank  it  is  in  part 
bounded  by  a  narrow  belt  of  mica-schist. 

The  oldest  rocks  of  the  region  are  probably  represented  by  a  series  of 
crystalline  schists  (Mvmprising  garnetiferous  mica-schist  and  chloritic 
albite-zoisite  schist.  On  the  basis  of  petrographical  similarity,  they  are 
correlated  with  the  schists  of  the  Yukon-Tanana  region  and  tentatively 
assigned  to  a  pre-Silurian  age. 

The  next  youngest  rocks  are  a  slate  and  graywacke-slate  series,  closely 
folded  and  of  unknown  thickness.  No  fossils  have  been  found  in  them, 
so  that  their  age  is  purely  conjectural.  The}'  show,  however,  some  re- 
semblance to  the  rocks  of  the  Sunrise  series,  which  are  regarded  as  of 
Upper  Paleozoic  age. 

Middle  Jurassic 

The  lowest  rocks  of  determined  age  are  Jurassic  beds  developed  in  the 
region  of  the  upper  Matanuska  river  and  in  the  valley  of  Chickaloon 
creek  and  Talkeetna  river.  They  have  also  been  found  as  far  north  as  the 
headwaters  of  Sushitna  river. 
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Tliest'  strata  of  Jlidclle  Jiirassie  age  are  divided  into  two  series,  sepa- 
nited  liy  a  p  re  m  on  need  unconformity.  The  lower  series  will  l>e  descrilied 
tln-t. 


of  Cook  Inlcl,  A  laska. 


(jn-cn stones  and  related  pyroclnsties  ((mstltiite  the  must  eliiirneteriBtic 
piirtion  of  tlu'se  rodvs.  Tiifl"?,  aftfilnmrrateK,  nnd  flow  breeeias  form  the 
preat  liiilk  of  the  greenstones,  and  intercalated  flows  ot  coarse  anivfidaloid 
ire  of  freijiient  oceurrenee.  Kxainination  in  thin-seetion  showf  that  the 
^reenstoiKW  and  their  ejectamenta  are  andesites  of  hyiilopililie  and  pilo- 
(asitie  textiiref,  more  or  less  thoroughly  chloritiKod. 
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The  thickness  of  this  accumulation  often  exceeds  1,000  feet.  The  tuffs 
locally  carry  fragments  of  lignite,  and  at  one  point  were  found  to  contain 
marine  shells  in  a  fine  state  of  preservation.  The  fossils  were  submitted 
to  Dr  T.  W.  Stanton,  who  reports  in  part : 

*  *  Rhifncoriella.  A  starte  (f) . 

Lima.  ProUtcardia. 

Peden — ^smcKith  species.  Pletiromya. 

Pecten — species  of  Vela  type.  iSonninia  {f). 
TVigonia. 

*^The  Jurassic  age  of  this  lot  is  clearly  shown  by  the  form  of  the  Trigonia  and 
of  the  Ammonite  (Sonninia  ?).  The  general  aspect  of  the  fauna  is  that  of  the 
lower  part  of  the  Enochkin  (Middle  Jurassic).'* 

The  greenstones  and  tuffs  just  described  are  transitional  into  an  over- 
lying series  of  graywackes,  sandstones,  shales,  and  subordinate  conglom- 
erates. 

Several  of  these  latter,  of  very  diverse  constitution,  occur  interstratified 
with  seams  of  low-grade  bituminous  coal.  In  the  northeastern  part  of 
the  field  several  hundred  feet  of  stream  bluffs  100  feet  high  are  composed 
of  conglomerate  consisting  of  various  porphyries  and  white  quartz  pebbles 
in  a  gritty,  coherent  matrix. 

The  shales  and  sandstones  of  this  series  are  in  general  barren  of  fossils, 
though  Belemnites  are  rather  common. 

ItwcerarmiH  cf.  Itwifer  Eichwald.  Strpfmnocerajs. 

Plearomya.  Ojrpelia  {?), 

Pleurotomaria.  Nafica. 

Phyllocertu,  Sonninia  {?) — two  species. 

Doctor  Stanton,  who  examined  the  fossils,  states  "that  thev  nuiv  be 
referred  without  question  to  the  lower  part  of  the  Enochkin  formation 
as  it  occurs  at  Snng  harbor,"  on  the  west  coast  of  Cook  inlet. 

The  beds  are  usually  lying  in  monoclinal  attitudes,  broken  by  bl<x*k 
faulting.  Whatever  folding  is  shown  is,  with  one  exception,  of  an  open 
character.  Evidence,  liowever,  of  severe  internal  disturbance,  such  as 
the  frequence  of  faulted  pebbles  in  the  conglomerates,  is  abundant,  and 
shattering  and  minor  faulting  are  widespread. 

The  series  of  rocks  just  described  are  separated  from  those  next  higher 
in  the  column  by  an  important  unconformity.  At  one  point  sandstones 
introduced  by  a  thin  basal  conglomerate  were  found  resting  on  the  eroded 
edges  of  the  Lower  Middle  Jurassic  greenstones.  The  absence  from  the 
younger  rocks  of  the  profound  shattering  and  shearing  characteristic  of 
the  older  rocks,  and  the  strong  discordance  in  their  respective  strike  lines, 
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amounting  to  nearly  90  degrees,  is  strong  evidence  of  this  unconformity 
in  portions  of  the  field  where  direct  contacts  are  not  observable. 

The  overlying  younger  series  forms  a  continuous  stratigraphic  succes- 
sion of  younger  Middle  Jurassic  and  of  Upper  Jurassic  rocks.  They  con- 
sist largely  of  soft  blue  shales  locally  carrying  foesiliferous  limestone 
nodules.  With  the  shales  are  associated  various  sandstones,  often  of  loose 
coherent  texture  and  containing  great  multitudes  of  Aucella.  Inter- 
stratified  beds  of  andesitic  tuff,  containing  Belemnite  remains,  and 
homblende-biotite  arkose  are  also  found.  In  the  eastern  part  of  the  field 
stream  bluffs  reveal  a  curious  interdigitation  of  lenses  of  cross-bedded 
sandstone  carrying  Aucella,  of  shale  beds,  and  of  coarse  conglomerate 
lenses.  Solitary  water-worn  boulders  are  found  embedded  in  the  shale 
lenses.  These  various  characteristics  are  held  to  belong  to  an  ancient 
delta  deposit.  In  harmony  with  this  interpretation  is  the  fact  that  the 
Aucella  characteristic  of  these  rocks  is  often  found  in  soft  sandstones 
interstratified  with  sandstones  inclosing  abundant  carbonaceous  frag- 
ments. 

At  the  head  of  Matanuska  river  the  upper  horizons  of  the  shale  become 
strongly  calcareous  and  there  show  pronounced  ripple-marking. 

The  fauna  of  the  above  succession  of  rocks  is  as  follows : 

QidoceraJt  np.  Aucella  cf.  l/ronni  Rouiller. 

Plenroniya. 

The  fossils  indicate  faunas  of  both  the  upper  part  of  the  Middle  Juras- 
sic and  of  the  Upper  Jurassic.  The  former  is  the  Cadoceras  zone  of  the 
west  shore  of  Cook  inlet,  while  the  latter  is  the  Aucella  bronni  zone  of  the 
same  region. 

It  is  interesting  to  note  that  the  Upper  Jurassic  rocks  of  the  Mata- 
nuska region,  which  are  faunally  allied  to  those  of  the  Naknek  formation 
on  the  west  coast  of  Cook  inlet,  show  a  certain  lithologic  similarity  in  the 
presence  of  interstratified  tuffs  and  arkose.* 

On  the  headwaters  of  Sushitna  river  is  a  notable  accumulation  of  con- 
glomerate. Perpendicular  cirque  walls  cut  in  it  reveal  a  thickness  of  not 
loss  than  1,100  feet.  Sandstone  layers  show  it  to  be  lying  in  horizontal 
attitude.  The  conglomerate,  especially  in  its  upper  horizons,  consists  ex- 
clusively of  large,  well-rounded  boulders  of  angite-andesite  and  very  fresh 
homblende-biotite-quartz  monzonite  imbedded  in  a  tuffaceous  matrix. 
Sheets  of  lava  are  intercalated  in  the  conglomerate.  The  stratigraphic 
relations  of  this  deposit  were  not  seen,  but  on  lithologic  reasons  it  is  corre- 

•  T.  W.  Stanton  and  G.  C.  Martin  :  Mesozolc  section  on  Cook  Inlet  and  Alanka  i^nln- 
suU.     Bull.  Geol.  Soc,  Am.,  vol.  16,  pp.  391-410. 
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latoil  with  the  Naknek  (Ui)i)er  Jurai^sic  of  Cook  inlet),  at  the  btu?e  of 
which  a  very  similar  accumulation  occurs. 

liOWER    CRETACKOUS 

Kocks  of  Tx)wer  Cretaceous  age  are  represented  mainly  by  but  a  single 
formation — a  massively  bedded  linu\^tone,  300  feet  thick,  which  overlies 
the  Upper  Jurassic  rocks  conformaldy.  The  limestone  is  ven'  finely 
saccharoidal  in  texture  and  white  in  color.  A  characteristic  feature  is  its 
strong,  fetid  otlor  on  fresh  fracture.  The  age  determination  of  this  lime- 
stone is  based  on  the  presence  of  Aurella  craasicoUis  Keyserling,  obtained 
by  Mendenhall.  It  may  thus  l>e  seen  that  the  rocks  from  the  upper  part 
of  the  Middle  Jurassic  through  the  Lower  Cretaceous  are  in  conformable 
succession. 

Tertiary 

The  next  youngest  mcks  of  the  region  are  of  Upper  I^ocene  (Kenai) 
age.  They  are  a  series  of  shales,  sandstones,  and  conglomerate's  contain- 
ing workable  seams  of  high-grade  bituminous  coal  of  a  maximum  thick- 
ness of  IT  feet.*  A  section  exposed  in  Castle  mountain  shows  1,000  -f-  feet 
of  conglonuTate  at  the  ])ase,  overlain  by  sandstones  and  shales.  At  least 
.S,000  feet  of  these  sediments  were  observed  in  a  locality  on  Chickaloon 
creek. 

The  nature  of  the  relations  of  these  rocks  to  tlie  Mesozoic  series  is  vet 
in  doubt.  There  are  reasons,  however,  for  believing  that  they  overlie 
them  unconformablv. 

Xo  marine  fossils  liave  been  found  in  this  series,  but  tionil  remains, 
rather  poorly  preserved,  are  at  times  quite  abimdant.  Dr  F.  H.  Knowl- 
ton  rej)orts  the  following  forms: 

Sct/uoia  laiifmlorfii  (Brpt.)  Heer.  Ta.rinlium  dhtkhum  miocrnum  llei»r. 

Firus  t  (jronlandica  Heer.  TiurntUum  thiajorum  Heer. 

Mufniolia  iuftlrfclffi  Ileer.  Pali  urns  rolomhi  Heev. 

I'opulus  (trtira  (?)   Heer.  Fruits,  cf.  LcfjutiiinoHitcs  op. 

UhamnuH  critlain  Heer.  Age,  Keimi   (Upper  Eocene). 

Viburnum  sp.,  of.  T'.  uonlriishidlfli  Heer. 

Overlying  the  oldiT  rocks  is  a  series  of  nearly  horizontal  lava  flows, 
l)asaltic  in  character.     With  their  tuifs  and  breccias  tliev  attain  a  thick- 
ness  of  1,000  feet.     Tliev  nre  dednitelv  known  to  overlie  fiuviatile  con- 
glomerates  of  post-TiOwer  Cretaceous  age.  and  probably  rest  on  the  Kenai 
so  that  tlieir  age  is  ^liddle  Tertiarv  or  vounirer. 


•  («.  C.  Martlu  :  A  rocounaissainc  of  the  Miituunska  coal  field.  Alaska.     Bull.  no.  II8S1 
U.   8.   Geol.   Survey. 


SUMMARY 


331 


The  most  recent  deposits  of  the  area  are  Pleistocene  stream  and  glacial 
^^ravels.  This  formation  is  most  extensively  displayed  near  the  head  of 
.Mataniiska  river,  where  the  present  stream  gorge  has  cut  through  300  or 
400  feet  of  glacial  gravels. 

Intrusive  ignkous  Rocks 

In  addition  to  the  stratiform  volcanics  of  Middle  Jurassic  and  Tertiary 
ages,  igneous  rocks  of  intrusive  character  are  abundant  in  certain  parts 
of  tlie  region.  Of  tliese  diabase  dikes  and  sills  are  widely  prevalent, 
attaining  a  maximum  thickness  of  500  feet.  They  are  intrusive  into 
rocks  as  late  in  age  as  the  Kenai. 

The  granular  plutonics  making  up  the  central  mass  of  the  Talkeetna 
mountains,  however,  possess  far  wider  interest  on  account  of  their  con- 
nection with  prol)lem8  of  great  geological  significance.  They  are  chiefly 
quartz-diorites  carrying  orthoclase,  and  are  intrusive  into  rocks  at  least 
of  Lower  Middle  Jurassic  age.  They  are  thus  contemporaneous  with  the 
enormous  batholithic  intrusions  of  the  late  Mesozoic,  which  affected  the 
entire  Cordilleran  region  from  the  strait  of  Magellan  to  the  Seward 
peninsula,  in  northwestern  Alaska.* 

Summary 

The  rocks  of  the  area  investigated  range  in  character  from  garnet- 
iferous  mica-schists  of  pre-Silurian  age  to  unconsolidated  Pleistocene 
stream  and  glacial  gravels.  The  region,  however,  is  chiefly  noteworthy 
on  account  of  the  extensive  development  of  marine  Jurassic  strata  and 
tlie  presence  of  Upper  Eocene  fresli-water  sediments  carrying  thick  seams 
of  bituminous  coal. 

The  stratigraphic  column  may  be  summarized  as  follows : 

Feet 
Pleistocene. — Stream  and  glacial  gravels. 

Unconformity. 

Post-Eocene. — Basaltic  lavas  and  pyroclastics 1,000  -f- 

Upper  Eocene. — Kenai  formation :   Sandstones,  Hliales,  and  conglom- 
erates, with  coal  seams a,()(K)  i 

Unconformity  (?) 
Lower  Cretaceous. — Limestone  300 

Conformity. 

•  A.   C.   Lawson  :   The  Cordilleran   Mesozoic   revolution.     Journal  of  Geology,   vol.   1, 
p.  579. 

A.  H.  Brooks:  The  geography  and  geology  of  Alaska.  V.  P.  4.j.  p.  250,  U.  S.  (Jeol. 
Survey. 
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Feel 

Upper  Jurassic  to  Upper  Middle  Jurassic. — Sandstones,  shales,  con- 
glomerates, tuffs,  and  arkose 2,000  ± 

Unconformity. 
Lower  Middle  Jurassic. — Meta-andesites  and  pyroclastics,  graywackes, 

sandstones,  shales,  and  conglomerates 2,000  ± 

Unconformity  (?) 
Upper  Paleozoic  (?) — Slates  and  graywacke-slates. 

Unconformity  (?) 
Pre-Silurlan  (?) — Gametiferous  mica-Bchists  and  chloritic  albite-zoisite  whists. 
Intrusive  qimrtz-diorites. — Intrusive  into  I^ower  Middle  Jurassic  rocks. 
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Introduction 

The  southern  part  of  the  lower  peninsula  of  Michigan  is  deeply  coated 
with  drift.  The  drift  is  often  very  homogeneous  and  but  moderately 
interspersed  with  boulders.  Toward  the  shores  of  lakes  Michigan  and 
Erie  the  drift  is  covered  by  fine  lake  clays,  representing  the  floors  of 
glacial  lakes  Maumee,  Chicago,  and  their  contemporaries.  In  this  drift 
the  rivers  of  the  region  have  carved  winding  valleys  between  grassy 
bluffs,  and  themselves  follow  courses  yet  more  winding  on  the  flood-plain 
floor.  Rock  is  rarely  encountered,  being  buried  too  deeply.  The  border 
of  the  flood-plain  under  tlie  bounding  bluffs  is  quite  irregular  in  plan 
when  mapped,  but  is  habitually  scalloped  in  curves  concave  toward  the 
river  and  of  radius  of  curvature  little  greater  than  that  of  the  neighbor- 
ing meanders.  Occasionally  such  curves  adjoin,  separated  by  sharp  re- 
entrant cusps.  From  6  to  10  per  cent  of  the  bluff  is  bare  of  grass  or 
trees — ^a  steep  slope  of  naked  clay,  as  shown  in  the  picture. 


*  Printed  with  the  permission  of  the  Geological  Survey  of  Michigan. 
Manuscript  received  by  the  Secretary  of  the  Society  June  3,  1907. 
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These  bare  strips,  or  "scaurs,"  as  they  are  called  in  Scotland,  lie 
at  points  where  the  meandering  stream  is  now  close  to  the  valley  wall, 
underminiQg  it  and  causing  it  to  cave  and  slip.  Such  points  of  contact 
Iwtween  stream  and  hounding  valley  bluff  may  often  he  seen  alternating 
to  right  and  left  in  n  view  down  valley,  the  up-valley  aspect  i)eing  whollv 
of  grassy  slopes.  This  is  liecausc  the  downstream  migration  of  meanders 
causes  a  constant  attack  on  the  up-valley  side  of  reentrant  cusps,  which 
are  therefore  the  especial  site  of  scaur,  while  the  downstream  side  of  the 
aame  reentrant  watches  the  stream  that  once  bathed  its  foot  draw  steadily 
away — a  process  admirably  described  by  Davis.  Valleys  like  this  are 
typical  of  Michigan  south  of  the  Grand-Saginaw  valley.     Itcsutts  of  the 


PiODRH  1. — Scour  an  the  right  Bank  of  the  Lover  Rouge. 
The  river  carries  off  creeplog  vaste  as  fast  as  It  laUs,  and  tbe  bank  relrcBts. 

uniform  softness  of  the  material  in  which  they  are  ciit  are  the  rapidity 
with  which  tlicy  are  made,  the  tolerable  grade  of  their  course,  and  the 
youthful  slopes  by  which  their  flood-plains  are  ever\-where  bounded. 

The  topographic  sheets  of  the  XT.  S.  Ocologieal  Survey  are  not  usually 
accurate  enough  or  detailed  enongli  to  show  the  charncter  of  these  valleys 
or  even  the  meandering  of  the  streams  that  carve  lliem,  and  the  topog- 
raphers have  not  recognized  the  existence  of  thee  form''.  It  is  appro- 
priate to  their  slight  recognition  that  what  I  have  called  scallops  in  the 
bluff  have  no  accepted  name  among  writers  on  the  subject.     The  sheet 


ORIGIN   OF   SCAURS  335 

for  Ypeilanti,  Michigan,  however,  shows  the  forms  referred  to  in  unusual 
detail,  admirable  scaurs  occurring  at  the  two  points  where  the  road 
toward  Eawsonville  on  the  left  bank  comes  nearest  to  the  river  less  than 
2  miles  from  town.  As  scaurs  are  but  slopes  too  steep  for  vegetation,  the 
character  of  the  vegetation  is  an  important  element  in  their  occurrence. 
In  general,  the  larger  the  growth,  the  stronger  the  root,  the  better  the 
slope  resists  slipping,  even  when  the  foot  is  actively  undermined.  A 
grassy  slope  begins  to  break  up  as  soon  as  the  foot  is  washed  by  a  stream, 
but  a  slope  overgrown  with  shrubs  resists  much  longer.  One  in  trees  is 
very  resistant.  Such  a  one  occurs  on  the  right  bank  of  the  Huron  river 
about  2  miles  southeast  of  Ypsilanti.  The  trees  are  well  grown  and  well 
enough  rooted  to  carry  the  ground  with  them  in  great  blocks  20  by  30 
feet,  as  they  incline,  some  one  way,  some  another,  on  their  uncertain  foot- 
ing. Bents  between  the  blocks  afford  basins  that  fill  with  every  rain, 
until  last  year  the  inclination  of  the  trees  and  lack  of  parallelism  in  their 
trunks  was  more  noticeable  than  any  cracking  or  slipping  of  the  earth. 
The  strain  has  become  too  great  for  them,  and  the  slope  will  before  long 
become  bare.  Had  it  not  been  for  the  trees,  the  slope  would  have  been 
bare  long  ago. 

The  abundance  of  stripped  bluff,  or  scaur,  must  vary  with  the  develop- 
ment of  the  valley.  A  young  stream  has  its  whole  bank  in  scaur.  As 
scrolls  of  flood-plain  develop  on  either  hand  the  bluff  above  assumes  a 
moderate  angle  of  slope  and  begins  to  grass  over.  With  a  wide  flood- 
plain  comes  a  general  grassing  of  the  bluffs.  The  spots  of  stripped  bluff 
are  survivors  of  an  earlier  condition.  As  the  scaur  has  its  foot  consumed 
rapidly  by  the  stream  while  the  grassy  bluff  is  most  stable  below,  steep- 
ness is  almost  as  characteristic  of  scaurs  as  their  bareness.  From  these 
considerations  we  may  expect  much  inequality  in  the  extent  to  which 
scaurs  occur  along  streams,  yet  in  a  sufficient  number  of  examples  we 
should  expect  to  find  as  many  on  one  side  as  the  other. 

The  author's  attention  was  first  called  to  scaurs  on  the  lower  Rouge  in 
1903,  when,  with  Mr  Isaiah  Bowman,  he  counted  their  occurrence  to 
ascertain  what  proportion  of  the  valley  was  now  subject  to  the  widening 
process.  We  foimd  this  to  be  10  per  cent;  but  Mr  Bowman  at  once 
noticed  that  two-thirds  of  them  occurred  on  the  right-hand  side  of  the 
river,  and  this  uniformly  for  many  miles.  He  suggested  the  deflection 
due  to  terrestrial  rotation  as  a  possible  explanation.  It  has  long  been 
believed  that  streams  should  show  some  tendency  to  bear  to  the  right  from 
this  cause.  It  has  not  usually  been  possible  to  show  that  this  tendency 
has  perceptible  effect.    A  note  was  published  in  Science  for  January, 
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1904,*  giving  the  facts  and  our  inference.  Of  course  the  test  of  such  a 
theory  was  to  examine  other  streams  flowing  in  other  directions.  This 
has  now  been  done.  The  Michigan  Geological  Survey — I)r  A.  C.  I^ane, 
Director — ^has  borne  the  expense  of  transportation  incurred  in  the  cour.«; 
of  the  work,  the  results  l>eing  published  here  with  Doctor  Lane's  ]>er- 
mission. 

There  is  certainly  svsteni  in  the  behavior  of  the  rivers  examined,  but 
the  effect  can  not  be  ascribed  to  rotational  deflection.  It  seems  rather  to 
point  to  secular  tilting  of  the  land. 


FiQUBE  2. — Rivera  described  in  thia  Paper. 


The  rivers  studied  are  the  Kouge,  Eattle  run,  Huron,  Raisin — all  in  the 
old  basin  of  lake  Maumee  and  drawing  their  waters  from  the  morainic 
country  to  the  northwest — and  the  Paw  Paw,  in  an  old  glacial  drainage 
line  on  the  western  border  of  the  state.     All  are  shown  on  the  map. 


River  Rouge 

The  river  Rouge  enters  the  Detroit  about  6  miles  below  the  city  of 
Detroit,  taking  its  name  from  the  "yellow,"  muddy  color  of  its  water. 
At  Dearborn,  about  8  miles  from  the  mouth,  the  lower  Rouge  enters,  and 

•  Page  150. 
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a  little  over  a  mile  from  there  is  the  junction  of  the  middle  Bouge  and 
the  North  branch.  The  lower  Rouge  flows  east  and  east  by  north  for  17 
miles  before  meeting  the  main  stream;  the  middle  Rouge  is  about  20 
miles  long,  half  of  this  an  east-southeasterly  course  on  the  old  lake  floor. 
The  part  of  the  North  branch  examined  flows  mainly  south  for  6  miles 
by  the  road  from  Sand  Hill  to  the  junction  with  the  Middle  branch.  By 
the  river  the  distance  would  be  three  times  as  great.  All  three  branches 
are  represented  on  the  Wayne,  Michigan,  sheet  of  the  U.  S.  Geological 
Survey  topographic  map,  where  the  meanders  are  for  the  most  part 
omitted,  as  may  be  seen  by  comparison  with  the  sketches  here  given. 


FiGUBK  3. — Flood-plain,  Meanders,  and  Scaurs  on  the  Loicef  Rouye. 
The  nrea  Indicated  is  in  Wayne  county,  Canton  township,  sections  25  and  26. 


Lower  Rouge 

This  stream  has  an  ideal  valley  for  the  study  of  scaurs.     The  country 

has  few  trees,  is  level  but  for  the  15-foot  bluffs  bounding  the  flood-plain. 

The  river  is  filled  with  water  every  spring  all  across  the  valley,  taking 

then  a  width  of  500  feet,  but  dwindles  in  summer  to  a  mere  trickle  of 

water  that  may  be  easily  jumped  across  anywhere.     The  bed  on  whicli 

the  stream  flows,  in  mean  stages,  is  15  to  20  feet  wide.     Regardless  of 
width,  this  branch  of  the  river  is  never  clear.     Scaurs  are  always  in  view 

on  looking  down  valley ;  rarely  on  looking  up.     An  electric  railroad  runs 

I)e8ide,  giving  easy  access  to  every  part.     The  behavior  of  the  stream  in 

its  valley  is  typically  sliown  in  the  sketch  map  of  a  mile  of  its  course 

about  two  miles  west  from  Wayne.     Tlie  photograph,  figure  1,  was  taken 

in  this  neighborhood.     The  scaurs  are  uniformly   10  per  cent  of  the 

length  of  each  bluff.     Threo-ciuarters  of  tlu^ni  occur  on  the  right-hand 

border  of  the  flood-plain. 
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The  aveni^'t^  U-n:nb  of  a  ^t.-aur  on  ::.♦:-  n  j'.:  vil^cy  M-^ff  is  T2  paces,  on 
thf  k'ft  47.  On  ihf  n;:r.i  tr.*-!^  are,  «»n  an  a\»ra^e,  3  R-aur?  to  a  mik-; 
on  the  k'ft,  2.4.  Here  i?  a  rvn-.  :ia'*  !t:  [•:rr?;?:t  lioe  in  ^•-havior.  However 
we  kiok  at  it,  more  work  i^  beir^  done  on  the  tzzta  bank  than  on  the  left. 
The  uum'^feT  of  scaurs  is  greater,  tLe  -er;  jtb  of  an  average  scaur  is  greal«-r. 
and  the  total  amount  of  scaur  is  greaier.     The  figures  concerning  the 
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two  stretches  of  middle  course  have  been  puMi>hed  in  Science.  The 
measures  on  the  lower  course  are  due  to  the  courtesv  of  Mr  Isaiah  Bow- 
man,  of  Yale  University,  and  Mr  Barrel  H.  Davis,  of  the  Central  High 
Sch'xil,  Detnjit,  assisted  in  obtaining  the  liiz^uivs  for  tlie  upper  course. 


Middle  Rouge 

Xcfar  DearU^m  the  Rouge  is  30  to  50  ft^'t  wide,  and  has  cut  its  l)ed 
about  8  feet  Ix'low  the  flood-plain,  which  in  turn  is  16  feet  below  the 
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country  about.  The  river  here  is  muddy  as  usual,  but  after  passing  the 
junction  with  the  North  ])ranch  the  bottom  can  be  seen,  after  heavy  rains 
of  the  previous  week.  This  branch  has  water  as  clear  as  the  Huron. 
Generally  speaking,  the  bluffs  for  the  first  5  miles  were  wooded,  and 
sf^aurs  were  rarely  obsened,  only  2  |)er  cent  of  the  whole  length  of  blulf, 
which  may  have  something  to  do  with  the  clearness  of  the  water.     Here, 
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as  on  the  Huron,  tree  roots  hold  the  bluff,  and  only  evident  cracks  in  the 
grassy  slope  mark  spots  that  would  be  scaur  on  an  open  country  stream; 
but  the  way  the  river  holds  to  its  right  bluff  is  phenomenal.  It  is  not 
exaggerating  to  say  that  it  is  almost  always  nearer  that  side  than  the 


Perrinnlte. 
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Figure  4. — The  Middle  Rouge. 

The  area  Indicated  is  in  Wayne  county,  Nankin  townsliip,  sections  2  and  11.     The  stream 

is  shown  clinging  to  the  right  banlc. 

other ;  that  its  meanders  toward  the  left  rarely  take  it  half  way  across  the 
plain.  There  are  very  few  scaurs  of  bare  clay  from  top  to  bottom,  such 
as  prevail  on  the  lower  Rouge.  Here  we  more  commonly  find  bare  clay 
at  top  and  bottom,  with  the  ground  between  grassed  over  and  grown  up 
with  bushes  or  trees.  Beside  this,  which  was  counted  for  scaur,  there 
were  many  times  as  much  strong  slope  with  river  close  beneath  and  with 
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signs  of  slipping  that  was  not  counted.  The  count  extended  16%  miles 
along  the  river,  to  a  point  about  3  miles  east  of  Plymouth,  all  on  the 
ancient  lake  floor. 

Pacings  made  by  Mr  Davis  and  the  author  in  October,  1905.  The 
scaurs  on  the  right  average  39  paces  long ;  on  the  left,  37.  On  the  right 
there  are  not  quite  two  to  a  mile;  on  the  left,  one  to  two  miles.  For  one 
space  of  four  miles  there  were  no  scaurs  on  the  left  Though  the  pro- 
portion of  scaur  is  about  the  same  here  as  on  the  lower  Bouge,  there  is 
much  irregularity  in  its  distribution.  The  way  the  river  keeps  to  the 
right,  even  when  not  making  scaur,  is  shown  fairly  typicaUy  on  the 
.sketch  here. 

It  has  the  same  tendency  to  the  right  side  of  the  valley,  even  in  that 
part  of  the  upper  valley  where  scaurs  preponderate  on  the  left  (41  per 
cent  of  all  on  the  right).  The  shortening  of  the  scaurs  goes  well  with 
their  lessened  frequency,  their  lesser  total  length,  and  the  clearer  water 
of  the  stream.  It  is  less  actively  widening  its  valley  than  the  lower 
Kouge.     It  does  not  hold  less  strongly  to  the  right  (south)  side. 

North  Branch  of  the  Kouqe 

This  part,  called  on  the  map  the  Rouge,  is  deeply  cut  into  its  plain — 
more  than  10  feet,  we  estimated,  all  along  its  course,  and  at  times  as 
much  as  15.  It  does  not  flood  the  whole  of  this  plain,  which  is  not, 
therefore,  a  true  flood-plain;  yet  there  are  points  15  feet  above  ordinary 
water  where  deposits  of  sand  had  been  left  the  previous  spring,  though 
only  in  narrow  strips. 

The  writer  has  twice  seen  the  lower  Rouge  cover  its  plain  from  bluff  to 
bluff — a  thing  that  certainly  never  occurs  on  the  North  branch  now. 
For  this  reason  this  stream  is  not  comparable  to  the  others.  It  is  not 
widening  its  flood-plain.  Although  it  was  examined  along  a  distance  of 
more  than  20  miles,  true  scaurs  were  entirely  wanting.  One  patch  of  75 
paces  was  mapped  as  scaur  at  a  point  where  a  tributary  gully  joins  the 
main  stream  in  a  long  stretch  of  what  may  be  called  "dead"  scaur,  en- 
livened here  by  the  cutting  of  the  tributary.  By  "dead"  scaur  is  meant 
bluff  descending  steeply  from  the  upland  to  the  flood-plain  of  a  river, 
with  cracks  in  the  ground,  landslips,  and  trees  tipping  out  of  the  vertical, 
though  the  whole  face  is  fairly  well  grassed  and  not  a  continuous  slope 
of  bare  earth  like  the  true  scaur.  Attention  has  been  called  to  this  sort 
of  thing  in  describing  the  middle  Rouge.  What  was  counted  for  scaur 
there  was  admittedly  different  from  the  scaurs  of  the  lower  Rouge,  but  it 
was  all  fairly  active.     On  the  North  branch  everything  was  noted  that 
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had  the  water  running  close  at  its  foot.  Perhaps  a  third  of  this  was 
actively  slipping  and  broken.  The  surface  was  uneasy  in  all  of  it,  but 
two-thirds  of  it  was  such  as  was  not  counted  at  all  before. 

Eight  per  cent  of  the  course  is  bluff  close  to  stream,  40  per  cent  of  this 
on  the  right  and  60  of  the  left.  The  average  length  of  a  scaur  on  the 
right  is  170  paces;  on  the  left,  180.  Disorder  takes  the  place  of  system; 
flood-plain  is  gone;  scaurs  are  gone.  Steep  bluffs  are  there  in  varying 
percentage — ^now  right,  now  left. 

The  plain  is  a  terrace  beneath  which  the  Houge  has  incised  its  course. 
The  water  is  clearer  than  the  lower  Eouge,  muddier  than  the  middle 
Rouge.  The  river  does  not  cling  to  either  bluff  and  its  course  is  nearly 
south.  An  interesting  item  revealed  by  the  U.  S.  Geological  Survey's 
mapping  is  that  the  600-foot  contour  is  crossed  by  the  lower  Rouge  3  val- 
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ley  miles  from  Dearborn,  where  the  streams  unite,  by  the  middle  Rouge 
5  valley  miles,  and  by  the  North  branch  81/^  from  the  same  point.  The 
surface  of  the  country  is  near  the  same  level  at  the  three  points,  but  the 
Xorth  branch  has  only  half  or  a  third  as  much  fall  as  the  others,  being 
already  cut  to  a  much  lower  grade.  It  is  not  actively  deepening  its 
course;  neither  is  it  cutting  actively  sidewise. 


Rattle  Run 

This  is  a  branch  of  Pine  river,  60  miles  northeast  of  the  Rouge,  near 
Port  Huron.  A  length  of  about  three  miles  upstream  from  the  mouth 
was  examined  by  a  student  of  the  author,  Mr  A.  E.  Parkins,  now  of  the 
Holland  High  School.  The  flow  in  this  part  of  the  stream  is  to  the 
uorth-northeast.  It  is  typical  open  flood-plain,  o  per  cent  of  its  lentjth 
in  scaur  and  another  10  per  cent  in  active  slip,  but  fairly  grassed,  64  per 
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cent  of  the  scaurs  Ixjing  on  the  riglit  bank  and  93  per  cent  on  the  slipping 
bank.  Mr  Parkins'  map,  with  sketched  contours,  shows  how  the  stream 
in  crowding  to  the  right  has  captured  Shin  creek  and  then  occupied  a 
portion  of  its  old  channel,  for  it  appears  evident  that  the  two  outlying 
terrace  islands  in  the  center  represent  a  former  extension  of  the  upland 


FicjLiiE  5. — Rattle  Run,  near  Port  Huron. 

Showing  the  strong  tendencv  to  the  right  that  has  led  it  to  capture  Shin     creek  and 

occupy  a  part  of  its  valle}*. 

cusp  from  the  south,  which  must  then  have  had  Rattle  run  on  its  left  and 
Shin  creek  on  its  right.  Rattle  run  has  invaded  Shin  Creek  valley  3t 
two  points,  the  distance  between  them  suggesting  that  it  was  the  work  of 
two  successive  meanders  of  the  run.  It  is  of  interest  to  compare  with 
this  the  Huron  at  the  point  of  capture  described  by  Bowman.  The 
Huron  swung  to  the  left  in  a  meander  that  captured  Oak  ravine,  as 
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shown  in  his  map,  page  327.  A  little  below,  not  shown  on  his  map,  an- 
other swing  of  the  Huron  to  the  left  has  almost  captured  Willow  run, 
leaving  only  a  low  ridge  dividing  the  flood-plains.  From  the  point  of 
view  of  lateral  erosion  it  is  of  interest  that  the  Huron,  twice  swinging 
to  the  left,  almost  invaded  a  neighbor  valley;  Rattle  run,  swinging  to 
right,  actually  did  it.  Mr  Parkins'  measures  are:  Total  length  of  both 
bluflfs,  6,470  paces;  scaur  to  right,  231;  to  left,  31;  slipping  bank  to 
right,  1,034 ;  to  left,  86.    The  pacing  was  done  in  September,  1906. 

HUBON  BlYEB 

The  Huron  was  examined  from  Ypsilanti  to  New  Boston,  a  distance 
by  the  river  of  about  20  miles.  The  bluffs  are  commonly  wooded  and 
stand  well.  True  scaurs  are  infrequent.  The  note  book  containing  de- 
tails has  been  lost.  It  is,  however,  remembered  that,  counting  scaur  and 
slipping  bank  together  there  was  about  two-thirds  on  the  right  bank.  Of 
the  true  scaur  there  was  slightly  more  on  the  left.  The  proportion  of 
slip  in  the  valley  was  not  ascertained.  The  Huron  does  not  completely 
flood  its  valley  like  the  lower  Rouge,  but  does  inundate  broad  strips  on 
each  side  every  year.  It  is  in  dry  weather  a  fairly  clear  stream  and  flows 
to  the  south-southeast. 

Raisin  River 

The  Raisin  runs  to  lake  Erie  parallel  to  the  Huron,  about  16  miles  to 
the  southeast  of  it,  on  the  same  lake  plains.  It  has  two  chief  arms — the 
Saline  on  the  north  and  the  Raisin  on  the  south — that  meet  at  Dundee. 
Examination  has  been  confined  to  these  two  branches.  This  region  is 
essentially  a  coastal  plain,  with  parallel,  consequent  drainage.  Thus 
Paint  creek  (Stony  creek)  rises  between  Ann  Arbor  and  Ypsilanti  and 
flows  all  the  way  to  lake  Erie,  never  more  than  a  few  miles  distant  from 
the  much  larger  Huron.  The  Raisin  has  developed  more  complexity. 
The  branching  above  Dundee  has  the  appearance  of  having  arisen  from 
the  capture  of  rivals  and  neighbors  on  right  and  left. 

There  is  an  upper  course  to  the  Raisin  that  is  fairly  consequent  in 
course,  but  the  two  branches  referred  to  join  nearly  head  on  at  a  strong 
angle  to  the  trunk  below,  the  Saline  coming  from  the  north,,  the  Raisin 
from  the  south-southwest.  Along  this  part  of  the  course  of  the  tributary 
Raisin  and  near  that  of  the  Saline,  Leverett  locates  the  shore  of  lake 
Warren,  running  north-northeast,  just  east  of  the  southern  branch.  It 
could  hardly  fail  to  guide  the  river  in  that  direction,  and  seems  to  fully 
account  for  its  deviation  from  consequent  flow.    Where  the  beach  passes 
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the  nortli  bnnch  (Saline),  howerer,  it  \s  plA€«d  to  the  west.  It  was  not 
obaeired  in  the  field,  attention  being  ^iven  lo  the  riveT,  its  flood-plaiD 
and  bluffs;  nor  did  the  obserrer  hare  it  iiic9i:n<i  until  it  was  bt ought  t<> 
his  attention  at  Milan.  That  the  map  i>  (ii»nvet  in  representing  tht* 
Warren  shore  as  west  of  the  Saline  between  I^un«lee  and  Milan  is  shown 
br  the  disappearance  of  florni-plain  for  4  <>r  m'»re  milts  east  of  Milan. 
proljably  because  the  river  crosses  the  \n^ih  h»'iv-  Herv  tliere  is  no  J:- 
tinct  Taller  between  bluffs,  onlv  ^-f<lr»t  s:«le  wall>  t^»  the  channel.  an<I 
scanra  are  wholly  wanting,  or,  if  one  like<.  the  bank  is  all  ^-aur  on  botii 
i^ides.  A  little  west  of  Milan  reapprtirs  tlie  open  flriod-plain.  The  extra 
depth  of  material  to  be  cut  through  here  s^^ms  to  have  delayed  the  river  in 
developing  its  valley,  so  that  it  is  int ri apical !y  younger  in  form  at  this 
place.  Here  flood-plain  will  be  developed  later.  From  this  point  to 
Dundee  6  per  cent  of  the  bluffs  are  in  s<*aur.  mostly  bare  and  tvpical,  and 
T7  per  cent  of  this  is  on  the  left.  The  river  flows  about  southeast  and 
floods  its  plain  strongly,  as  is  seen  by  driftwood  and  sand  deposits  on  the 
grass.  Measurements  were  nude  September  6,  1906.  Of  perfect  scaur 
there  were  731  paces,  576  to  the  left  and  155  to  the  right,  79  and  21  per 
cent  respectively.  Of  slipping  bluff  there  were  335  paces,  250  on  the 
rig^t  and  85  on  the  left,  75  and  25  per  cent  The  whole  distance  is 
called  9  miles  by  the  ralley,  with  16  scaurs  on  the  left,  averaging  52  pacts 
long,  and  7  on  the  right,  averaging  34  paces  each — ^a  little  less  than  two 
to  the  mile  on  the  left  and  less  than  one  on  the  right.  The  river  con- 
sistently inclines  to  the  left ;  total  scaur,  number  of  scaurs,  and  length  of 
individual  Pcaurs  all  point  the  same  way.  It  was  oh^rvable  in  following: 
the  valley  that  even  on  the  flfKxl-plain  the  rivpr  held  over  to  the  left  sid<* 
of  the  valley.  Possibly  an  outlying  rid^re  of  the  Warren  shore  restrain? 
it  on  the  eastern  side,  but  this  should  l»e  looked  for  in  the  field.  For 
about  3  river  miles  west  of  Milan  dead  scaurs  are  noted,  1,062  paces  on 
the  left  and  857  on  the  right,  56  and  44  j>er  cent  respectively.  Then^ 
were  no  bare  scaurs,  the  bluffs  being  much  overgrown  with  trees  and  tlx^ 
stream  as  sluggish  as  if  there  were  a  dam  at  Milan.  It  was  not  followed 
further. 

For  the  last  three-quarters  of  the  northeasterly  part  of  the  course  of 
the  south  branch,  or  Raisin  pro})er.  it  meanders  strongly  and  bears  hard 
to  the  right,  being  apparently  held  from  a  consef|uent  course  to  the  south- 
r-ast  bv  the  Warren  beach.  This  stretch  measures  al)Out  20  miles  bv  the 
bank.  Ten  miles  of  it  were  j)aced,  from  Dundee  to  the  highway  bridiif 
near  Petersburg,  when*  the  general  coiir>t*  is  to  the  northeast.  Scaurs 
are  frequent,  forming  about  15  per  cent  of  the  bluff  in  till  about  25  feel 
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high;  69  per  cent  of  them  are  on  the  right.  In  almost  every  case  the 
downstream  end  of  the  scaur  is  absolutely  bare;  then  farther  up  it  has 
patches  of  slipped  sod  on  it ;  then  grass  and  trees,  with  occasional  breaks 
showing  the  bare  ground,  and  finally  perhaps  a  well  grassed  slope,  at  the 
bottom  of  which  is  naked  clay.  This  accords  perfectly  with  the  sweeping 
downstream  of  a  meander  system  that  Davis  has  described  in  the  paper 
referred  to.  The  upper  part  of  the  scaur  is  grassed  simply  because  it  is 
older.     The  same  thing  has  been  observed  at  other  points. 

In  the  seven  cases  of  the  sort  that  occur  here  42  per  cent  of  the  scaur 
was  bare — that  is,  of  an  average  462  paces  of  length  the  lower  193  were 
bare,  the  last  268  grassed  over.  The  actual  pacings  are,  naming  the  lower 
part  first:  100-773,  468-135,  200-133,  195-425,  186-44,  30-70,  175- 
300. 

In  no  case  was  a  bluif  counted  as  scaur  unless  it  showed  active  move- 
ment downhill.  Mr  Charles  C.  Colby,  instructor  in  geography  in  the 
State  Normal  College,  made  independent  pacings  and  estimates  of  points 
of  beginning  and  ending.  His  results  agreed  with  the  writer^s  within 
1  per  cent.  Only  37  per  cent  of  the  naked  scaur  was  on  the  right,  but 
the  grassed  part  is  properly  included  in  the  count.  The  results  are  very 
consistent.     Taking  them  in  three  groups,  they  are : 
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Of  the  fourteen,  ten  are  on  the  right,  averaging  395  paces  long  each, 
and  four  on  the  left,  averaging  439.  Here  are  scaurs  four  times  as  long 
as  those  on  the  Eouge,  more  frequent  on  the  right  than  on  the  left ;  but 
the  average  individual  on  the  right  is  not  quite  so  long.  That  the  Raisin 
here  is  standing  well  to  the  right  is  beyond  question.  Driftwood  shows 
the  plain  is  well  flooded. 

This  character  begins  on  the  southern  branch  of  the  Eaisin,  as  has  been 
said,  about  a  quarter  way  from  the  elbow  at  Blissfield  to  Dundee.  Above 
this  point  to  near  Adrian,  flood-plain  is  mostly  lacking.  Mr  Colby  notes 
for  this  tract,  "Nearly  all  the  way  the  river  flows  between  well  defined 
banks  on  which  the  high-water  mark  shows. plainly,"  and  the  writer  found 
the  same  thing  east  of  Blissfield.    There  is  active  erosion  of  the  bank  at 
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the  outside  of  each  meander;  such  are  all  the  scams  there  are.  Some- 
thing like  50  per  cent  of  these  are  on  the  right,  but  no  significance  is 
attached  to  that.  Apparently  the  undeTeloped  Tallej  is  due,  as  at  Milan, 
to  the  fact  that  the  Warren  beach  crosses  the  river  along  here  and  gives 
greater  depth  of  material  to  be  handled. 


Paw  Paw  Siver 

It  was  regarded  as  of  especial  interest  to  examine  some  west-flowing 
streams  on  the  other  border  of  the  state.  The  country  has  had  no  de- 
tailed mapping,  but  it  appears  from  the  plate  referred  to  in  LeTcrett's 
monograph  that  the  Paw  Paw  flowed  to  the  southwest  on  a  plain  of 
gravel,  a  line  of  glacial  drainage  between  morainic  hills.  The  stream  had 
limits  set  to  its  valley  b}'  the  moraine,  but  it  seemed  as  if  it  should  be  free 
to  express  a  preference  for  a  course  to  right  or  left  by  attacking  either 
valley  wall.  It  was  known  to  meander  strongly,  having  been  described  by 
students  in  connation  with  the  outlet  stream  from  Paw  Paw  lake,  which 
flows  out  to  the  river  in  dry  weather,  in  to  the  lake  in  wet,  as  in  the  cases 
described  by  Burr  and  Ganong. 

The  Paw  Paw  was  visited  at  Watervliet  in  August,  1906,  and  about  8 
mik*s  of  its  bank  examined,  mostly  upstream  from  that  place.  The  bluffs 
are  densely  overgrown  with  thickets  and  woods,  so  that  the  river  was  not 
only  rarely  in  scaur,  but  access  to  it  was  very  diilicidt.  Of  bare  scaurs 
only  four  were  counted,  all  well  toward  the  first  bridge  east  of  Watervliet. 
They  measure — right,  35;  left,  48;  right,  44,  and  right,  70.  If,  how- 
ever, the  strong  bluff  standing  at  the  water's  edge,  45  degrees  steep,  is 
counted,  two-thirds  of  it  is  on  the  left.  This  includes  in  the  count  975 
paces  of  bluff  on  the  left,  within  the  village  of  Watervliet,  that  is  now 
abandoned  course,  since  the  Syms,  Dudley  Paper  Company  cut  through 
it  in  1895.  Then  11  per  cent  of  the  bluff  is  in  scaur.  Grouping  the 
scaurs  or  slipping  bluffs  in  fives,  we  have: 
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CONCttlStONS  34? 

The  nine  scaurs  on  the  left  average  323  paces  long,  the  seven  on  the 
right  201.  The  stream  is  undoubtedly  cutting  most  strongly  on  the  left 
side.  The  flood-plain,  which  is  a  true  one,  has  been  widened  about  in 
this  way :  Deep  scallops  have  been  cut  for  the  plain  border  in  the  upland 
on  the  left  (south),  then  the  river  cut  some  sort  of  scaur  on  the  up-valley 
side  of  the  reentrant  cusps  between  scallops.  The  only  place  at  which 
anything  scaur-like  occurs  on  the  opposite  bank,  being  invariably  at  the 
tip  of  long  meanders  that  have  looped  out  across  the  plain  from  the  scal- 
lops and  touched  the  northern  bank  without,  however,  notching  it  in  any 
case  examined.  The  log  rollways  on  the  south  bank  are  stated  by  reliable 
himbennen  to  be  higher  than  those  on  the  north  all  the  way  to  Benton 
Iiarbor.  Of  the  scallops  mentioned  as  strongly  developed  on  the  south 
side,  two  or  three  unusual  examples  are  immediately  west  of  the  railway 
station  at  Watervliot.  No  example  was  seen  on  the  north  in  the  tract 
studied. 

Conclusions 

The  lower  and  middle  Rouge,  Rattle  run,  Huron,  Saline,  Raisin,  and 
Paw  Paw  show  persistent  and  uniform  tendencies  toward  one  or  the  other 
side  of  their  valleys  wherever  there  is  a  flood-plain  on  which  the  streams 
meander  between  distinct  bluffs.  The  lower  and  middle  Rouge,  Rattle 
run,  and  Huron,  flowing  toward  points  between  southeast  and  east- 
northeast,  bear  strongly  to  the  right.  The  northern  Rouge  and  parts  of 
the  Saline  and  Raisin  have  channels  incised  between  banks  that  their  flood 
waters  fail  to  surmount.  Here  lateral  erosion  is  irregular  and  lacks 
definite  tendencies.  Other  points  on  the  Raisin  bear  hard  to  the  right, 
the  Saline  as  hard  to  the  left  at  points  where  perhaps  their  behavior  is 
due  to  restraint  by  Lake  Warren  beach  ridges  parallel  to  which  they  flow. 
The  Paw  Paw,  flowing  to  the  southwest,  bears  strongly  and  uniformly  to 
the  left. 

The  left-handed  rotation  of  the  earth  on  its  axis  should  make  all  mov- 
ing Iwdies  in  the  Lake  country  seem  to  bear  off  to  the  right.  If  this  ex- 
l)lains  the  action  of  the  eastern  streams  it  leaves  the  Paw  Paw  beyond  the 
pale  of  law.  If  we  have  interpreted  rightly  the  behavior  of  Saline  and 
Raisin  at  Dundee,  the  others  have  this  in  common,  that  they  all  bear 
somewhat  to  the  south.  The  tilting  of  the  region  toward  south  27  de- 
grees west,  described  by  Gilbert,  might  account  for  such  a  tendency. 
Taylor,  Lane,  and  Goldthwait  have  recently  pointed  out  that  the  old 
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beaches  south  of  Port  Austin,  on  the  Thumb  of  Michigan,  are  not  per- 
ceptibly out  of  level.  Inference  has  been  made  from  their  results  that 
'^no  earth  moTcments  have  affected  this  r^on  since  the  earliest  Algon- 
kian  stage^  and  that  if  any  deformations  are  now  in  progress  in  these  two 
lake  basins,  they  are  limited  to  the  more  northerly  portions."  Gilbert's 
result,  on  the  other  hand,  seems  to  give  an  entire  preponderance  of  evi- 
dence that  the  region  was  tipping  southward  along  the  line  mentioned 
above,  at  the  rate  of  about  5  inches  per  hundred  miles  per  ceutun-, 
between  the  years  1858  and  1896.  Gilbert's  work  rests  on  three  inde- 
pendent pairs  of  stations  on  lakes  Michigan,  Erie,  and  Ontario,  two  of 
which  reach  across  the  region  of  the  present  study  of  rivers.  Bench- 
marks regarded  as  stable  at  these  pairs  of  stations  were  compared  with 
the  observed  height  of  water  in  the  Great  lakes  during  a  considerable 
period  of  suitable  weather,  identical  period  for  the  two  stations  of  each 
pair — ^in  1876,  lake  Michigan;  1858,  lake  Erie,  and  1874,  lake  Ontario. 
The  comparisons  were  repeated  in  1895  and  1896.  Doctor  Gilbert  found 
the  southern  station  seemed  to  sink  in  the  interval  an  amount  that,  when 
allowance  is  made  for  distance  and  time  elapsed,  is  equivalent  to  a  de- 
pression at  the  south  end  of  a  line  running  south  27  degrees  west  of 
0.43,  0.46,  and  0.37  feet  per  hundred  miles  per  century — three  inde- 
pendent values  that  strongly  confirm  each  other.  Using  the  southern 
lake  Michigan  station  over  again,  paired  with  Port  Austin,  in  lake  Huron, 
a  comparable  value  of  0.39  foot  is  obtained ;  but  this  of  course  is  not  inde- 
pendent of  the  lake  Michigan  pair.  The  accuracy  of  the  result  rests  on 
the  stability  of  the  bench-marks.  Any  one  of  them  may  have  changed. 
But  that  all  three  southern  marks  shall  have  changed  by  amounts  that 
lead  to  results  so  accordant  and  systematic  as  these  is  very  improbable. 
The  lake  Michigan  pair  lie  north  and  south  of  our  area,  the  lake  Erie 
pair  reach  into  it.  Examination  of  the  evidence  cited  in  Goldthwait  with 
regard  to  beach  levels  reveals  nothing  incompatible  with  this  result. 
Any  individual  determination  of  the  elevation  of  a  beach  may  be  several 
feet  in  doubt.  A  beach  is  a  somewhat  indefinite  object  to  determine  with 
precision.  We  note  in  the  descriptions  of  writers  such  phrases  as  "about 
20  feet,"  "10  to  15  feet'*  above  the  lake,  and  so  on.  That  the  lake  sur- 
face is  incessantly  fluctuating  by  amounts  covering  several  feet  is  not  ex- 
plicitly noted  by  geologists.  Perhaps  they  recognize  those  fluctuations 
as  less  than  the  uncertainty  involved  in  deciding  at  just  what  point  they 
are  to  measure  the  elevation  of  the  beach.  If  this  be  true,  it  is  possible 
that  a  tilting  to  the  amoimt  of  two  or  three  feet  actual  sinking  of  the 
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Bouthern  part  of  the  region  may  have  occurred  without  bringing  the 
beaches  perceptibly  out  of  level.  The  tilting  that  Gilbert  finds  occurred 
between  1858  and  1896  may  have  gone  on  for  the  last  700  years  (7  times 
5  inches  equals  35  inches),  and  yet  the  beach  would  not  be  three  feet  out 
of  level  in  a  hundred  miles  today.  Can  any  one,  from  a  study  of  these 
beaches,  assert  that  they  are  not  deformed  to  that  amount  ?  Would  seven 
centuries  suffice  to  give  the  rivers  a  distinct  tendency  toward  the  south  ? 
There  are  no  criteria  at  hand  for  an  answer;  but  the  supposition  that 
they  might  does  not  seem  unreasonable. 

It  does  not  seem  to  the  author  that  sufficient  evidence  has  been  gath- 
ered to  say  that  the  rivers  support  tlie  view.  The  most  that  he  would 
claim  is  that  their  evidence  is  in  accordance  with  such  a  view  as  far  as  it 
goes. 

From  this  point  of  view  streams  may  be  classified  according  to  the 
angle  that  their  course  makes  with  the  direction  south  27  degrees  west. 
If  a  tilting  in  that  direction  is  affecting  the  flow  of  streams,  it  should 
hasten  those  flowing  south  27  degrees  west,  causing  them  to  deepen  their 
channels,  as  has  happened  to  the  North  branch  of  the  Bouge.  Those 
flowing  north  27  degrees  east  it  should  check,  making  their  course  swampy 
and  abounding  in  pools,  as  is  believed  to  have  happened  to  the  Concord 
and  upper  Charles,  in  Massachusetts,  from  this  same  cause.  Those  flow- 
ing east  27  degrees  south  or  west  27  degrees  north  should  attack  their 
banks  to  right  and  left  respectively.  Intermediate  directions  should 
show  intermediate  effects.  Morainal  and  shoreline  guidance  is  likely  to 
render  such  criteria  at  times  hard  to  apply. 
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Introduction 


In  the  progress  of  geology  the  influence  of  climate  has  been  one  of  the 
last  great  subjects  to  receive  attention.  During  a  residence  of  four  years 
in  the  dry  eastern  part  of  Asiatic  Turkey,  from  1897  to  1901,  the  im- 
portance of  climatic  influences  was  impressed  on  me  by  the  contrast 
between  the  topography  and  superficial  deposits  of  that  semi-arid  region 
and  those  of  the  moister,  glaciated  portion  of  the  United  States.  The 
impression  was  strengthened  in  1902,  when,  as  a  member  of  a  party 
under  the  leadership  of  Professor  Davis,  of  Harvard  University,  I  visited 
the  arid  region  of  Utah  and  Arizona.  There,  not  only  do  the  superficial 
deposits  and  topography  bear  the  impress  of  prolonged  aridity,  but  the 
wonderful  cross-bedding  of  the  white  Colob  sandstone  and  the  red  color 
of  the  underlying  Kanab  formation  apparently  point  to  the  existence  of 
still  more  arid  conditions  during  the  Mesozoic  era. 

In  the  spring  of  1903,  as  assistant  once  more  to  Professor  Davis,  I 
accompanied  the  Pumpelly  expedition  of  the  Carnegie  Institution  of 
Washington  to  Russian  Turkestan.  Thence  I  made  journeys  to  Kash- 
gar,  in  Chinese  Turkestan,  in  the  summer  of  1903,  and  to  Seyistan  (Sis- 
tan  or  Seistan),  in  eastern  Persia,  early  in  1904.  In  these  countries,  as 
is  set  forth  in  "Explorations  in  Turkestan,"  still  stronger  evidences  of 
the  geologic  importance  of  climate  present  themselves.  The  next  year, 
1905,  brought  an  opportunity  for  a  journey  of  fifteen  months*  duration 
in  northern  India,  Chinese  Turkestan,  and  Siberia,  as  a  member  of  Mr 
Eobert  L.  Barrett's  expedition  to  Central  Asia.  In  Chinese  Turkestan 
I  traversed  what  is  probably  the  most  unmitigated  desert  in  the  world, 
the  great  salt  plain  of  Lop.  Since  the  completion  of  this  last  journey, 
the  liberal  terms  of  a  Hooper  Fellowship,  held  as  a  non-resident  member 
of  the  Graduate  School  of  Arts  and  Sciences  of  Harvard  University,  have 
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permitted  me  to  devote  an  uninterrupted  year  to  the  preparation  of  a 
narrative  of  the  joumc}'  in  Chinese  Turkestan,  entitled  ^'The  Pulse  of 
Asia/'  and  to  the  study  of  various  climatic  problems,  some  of  which  are 
discussed  in  the  following  pages. 

Belative  Importance  of  Glaciation  and  of  other  Evidences  of 

CLIMATIC  Changes 

The  investigations  outlined  above  have  led  to  the  conclusion  that  some 
of  the  most  important  criteria  for  the  recognition  of  change  of  climate 
have  as  yet  largely  escaped  attention,  because  they  occur  in  ahnost  unin- 
habited arid  regions.  In  regard  to  the  Pleistocene  Glacial  period — the 
standard  example  of  climatic  change — ^the  fact  that  the  science  of  geology 
has  been  studied  chiefly  in  North  America  and  Europe  has  naturally 
given  great  prominence  to  the  idea  of  glaciation,  leaving  other  phases  of 
the  subject  comparatively  unconsidered.  It  is  a  well  established  fact, 
however,  that,  not  only  in  glaciated  regions,  but  in  other  parts  of  the 
world  as  well,  the  Glacial  period  was  preeminently  a  time  of  rapid  cli- 
matic changes.  Everywhere  the  changes  must  have  produced  results  of 
some  sort,  even  where  there  were  no  glaciers.  It  is  to  a  study  of  tliese 
results  and  of  their  significance  that  the  present  paper  is  directed. 

In  North  America  and  Europe,  to  restate  a  familiar  fact,  a  tenth  or 
more  of  the  land  surface  of  the  globe  was  covered  with  ice  during  the 
Pleistocene  period.  A  great  glacial  sheet  scoured  away  the  soil  and  rock, 
scratched  and  rounded  the  hills,  broadened  the  valleys,  and  deposited 
hummocky  moraines  and  plains  of  till.  In  other  parts  of  the  world 
glaciation  was  limited  to  a  few  comparatively  small  mountainous  areas. 
There,  as  in  the  larger  regions,  the  depth  of  snow  on  the  ground  in- 
creased, because  the  temperature  was  lower  or  because  the  snowy  precipi- 
tation was  greater  than  before.  New  glaciers  were  formed  in  the  higher 
valleys  and  old  glaciers  increased  in  size ;  yet  at  a  maximum  the  area  cov- 
ered by  ice  probably  never  exceeded  15  per  cent  of  the  land  of  the  globe. 
Moreover,  glaciation  was  a  feature  of  glacial  epochs  only,  not  of  inter- 
glacial  epochs.  Therefore  we  are  warranted  in  saying  that  glaciation, 
though  extremely  important,  was  only  a  local  feature  of  the  period  to 
which  it  has  given  a  name. 

Typical  Features  of  a  Eiver  in  an  arid  Region 

1.  glacial  features 

An  examination  of  a  typical  river  in  central  Asia  will  illustrate  the 
manner  in  which  the  changes  of  climate  of  the  Pleistocene  period  have 
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produced  a  variety  of  results  in  addition  to  glaciation.  Let  us  take  one 
of  the  main  branches  of  the  great  Tarim  river,  in  the  arid  country  of 
Chinese  Turkestan.  Its  source  is  among  the  glaciers  of  the  lofty,  snow- 
clad  mountains  of  Kwen  Lun,  grander  than  the  Alps.  When  a  period  of 
relatively  cold  or  moist  climate  prevailed  at  some  past  time,  the  snow- 
fields  increased  in  size  and  perhaps  in  depth;  the  glaciers  grew  larger; 
they  gnawed  back  their  cirques  and  steepened  the  walls  of  their  valleys; 
they  deepened  and  smoothed  the  bottoms  also,  and  the  main  glaciers  cut 
80  much  more  powerfully  than  the  tributaries  that  the  valleys  of  the  latter 
were  left  hanging  upon  the  sides  of  the  main  U-shaped  trough ;  and  finally 
the  glaciers  deposited  huge  moraines  at  the  point  of  final  melting.  From 
the  moraines  gravel  and  detritus  were  washed  forward,  filling  the  bottom 
of  the  valley  for  a  space.  When  a  change  to  warmer  or  drier  conditions 
ensued,  the  ice  withdrew,  the  load  supplied  by  it  to  the  stream  dimin- 
ished, the  river  began  to  erode  the  moraines  and  the  deposits  near  them, 
and  terraces  were  formed.  All  these  features  are  distinctly  glacial.  In 
the  small  area  of  their  occurrence  at  the  head  of  the  river,  the  alter- 
nating climatic  epochs  of  the  Pleistocene  may  well  be  called  "glacial" 
and  "interglacial." 

f.  FLUVIAL  FEATURES 

Downstream  from  the  glacial  region  the  valley  ceases  to  be  U-shaped. 
It  becomes  narrow  and  V-shaped,  and  the  terraces  die  out.  When  the 
valley  broadens  again  among  the  lower  mountains,  where  the  strata  are 
softer  and  erosion  along  the  present  lines  has  proceeded  farther,  terraces 
once  more  appear.  No  connection,  however,  can  be  detected  with  those 
farther  upstream  or  with  glaciers.  It  appears,  as  will  be  shown  later, 
that  they  are  due  to  the  effect  which  changes  of  climate  produce  on  rivers, 
just  as  the  features  higher  up  are  due  to  the  effect  which  changes  of  cli- 
mate produce  on  glaciers.  On  leaving  the  mountains  the  Tarim  river 
enters  the  great  plain  which  forms  the  floor  of  the  Lop,  or  Tarim  basin. 
Terraces  disappear,  but  there  is  other  evidence  that  during  glacial  epochs 
conditions  were  different  from  those  of  interglacial  epochs.  There  is  no 
direct  proof  that  the  main  river  was  larger  than  now,  although  there  can 
be  little  doubt  that  such  was  the  case.  The  tributaries  were  quite  surely 
larger;  for  at  the  lower  ends  of  many  small  streams  which  now  wither  to 
nothing  in  the  piedmont  gravel  or  sand  of  the  basin  floor,  there  are  old 
channels  and  strips  of  dead  vegetation  showing  that  at  a  comparatively 
recent  time  the  streams  flowed  farther  than  they  now  do.  Throughout 
its  whole  length  from  the  end  of  the  glacial  portion  to  the  mouth,  changes 
of  cHmate  appear  to  have  had  a  marked  effect  on  the  activity  of  the 
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Tarim  river.  The  same  is  true  of  countless  other  rivers,  especially  in 
arid  regions.  It  is  probable  that  changes  in  rivers  have  been  much  more 
widespread  than  changes  in  glaciers.  Hence  the  term  "fluviaP'  is  quite 
as  appropriate  as  the  term  "glacial."  It  has  been  much  less  used  simply 
because  the  behavior  of  rivers  under  the  influence  of  climatic  changes  has 
been  studied  much  less  than  has  that  of  glaciers. 

S.  LACU8TRAL  FEATURES 

• 

At  the  lower  end  of  the  Tarim  river  the  lake  of  Lop-Nor  furnishes  an 
example  of  still  another  kind  of  result  produced  by  changes  of  climate. 
Today  the  lake  is  a  shallow  reedy  swamp.  Old  shorelines  at  various  eleva- 
tions up  to  600  feet  (see  plate  31,  p.  368)  indicate  that  during  the  Glacial 
period  its  size  was  enormously  j^reater  than  now,  although  during  inter- 
glacial  epochs  tlicre  is  reason  to  believe  that  it  contracted  to  small  propor- 
tions. Other  examples  of  lakes  which  expanded  during  the  Glacial  period 
might  easily  be  cited.  Moreover,  in  America  and  Europe  a  great  number 
of  new  lakes  of  a  different  type,  such  as  those  of  Minnesota  or  Switzer- 
land, were  formed  at  that  time.  Glacial  lakes  are  almost  coextensive 
with  glacial  deposits,  and  are  one  of  the  most  striking  results  of  climatic 
changes ;  therefore  "lacustraF'  is  a  term  of  the  same  order  of  importance 
as  "glacial"  and  "fluvial"  and  might  equally  well  be  used  as  a  general 
term. 

Types  and  Results  of  Changes  of  Climate  as  distinguished  from 

THE  Agents  producing  the  Results 

The  terms  glacial,  fluvial,  and  lacustral  are  derived  from  three  inor- 
ganic agents  whose  behavior  changes  markedly  under  the  influence  of 
changes  of  climate.  In  place  of  these  another  set  of  terms  is  often  used, 
denoting  the  type  of  change  which  gives  rise  to  the  varied  behavior  of  the 
inorganic  agents.  The  most  common  of  these  are  moist  and  dry,  cold 
and  warm,  pluvial  and  arid.  For  general  use  they  are  no  better  than  tlio 
terms  based  on  the  agents.  They  are  equally  local  and  partial,  and  they 
assume  a  knowledge  which  we  do  not  possess.  We  do  not  yet  know 
whetlier  the  Pleistocene  changes  of  climate  were  due  to  variations  in  pre- 
cipitation, in  temperature,  or  in  both.  There  is  good  reason  to  believe 
that  the  changes  produced  an  oscillation  between  moister  and  drier  con- 
ditions, for  this  would  be  the  case  whether  the  rainfall  or  the  temperature 
varied;  increased  rainfall  would  mean  an  absolutely  greater  amount  of 
water,  and  lower  temperature  would  diminish  the  rate  of  evaporation  so 
that  the  available  supply  of  water  would  be  increased.  The  changes  in 
different  parts  of  the  earth,  however,  must  have  been  of  very  diverse  na- 
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ture.  In  one  place  the  climate  may  have  varied  from  very  cold  to  cold, 
while  in  another  at  the  same  time  it  ranged  from  warm  to  hot ;  or,  again, 
the  change  may  have  been  from  wet  to  dry  in  one  place,  and  from  dry  to 
very  dry  in  another. 

A  complete  view  of  a  period  of  climatic  changes  involves  a  study  not 
only  of  the  tyipes  of  change  and  of  their  influence  on  active  agents,  such 
as  glaciers,  rivers,  and  lakes,  but  also  of  the  results  produced  on  land 
forms  and  on  life.  The  results  of  glacial  action  in  the  form  of  moraines, 
till  plains,  cirques,  and  so  forth,  are  well  known.  So,  too,  are  the  results 
of  the  action  of  lakes  which  give  rise  to  strands  marked  by  beaches  and 
bluffs,  and  to  deposits  varying  according  to  the  conditions  of  deposition. 
The  results  of  the  action  of  rivers  under  the  influence  of  changes  of  cli- 
mate have  received  less  attention,  although  it  appears  probable  that  they 
can  be  detected  in  a  large  part  of  the  arid  and  semi-arid  regions  of  the 
earth.  They  take  the  form  of  terraces,  and  of  subaerial  deposits,  the 
texture  and  structure  of  which  vary  in  response  to  the  climatic  conditions 
under  which  they  are  laid  down.  On  the  deposits  I  shall  not  here  dwell, 
because  their  investigation  has  not  as  yet  proceeded  far.  The  reasons  for 
believing  that  many  terraces  are  due  to  changes  of  climate  have  been  set 
forth  in  "Explorations  in  Turkestan"  and  elsewhere,  but  may  here  be 
briefly  reviewed. 

Climatic  Theory  op  fluvial  Terraces 

Throughout  western  and  central  Asia  a  large  proportion  of  the  valleys 
among  mountains  of  fairly  mature  topography  and  of  arid  or  semi-arid 
climate  contains  terraces.  Where  best  developed,  the  terraces  number  five, 
not  counting  an  incipient  sixth.  The  oldest  and  outermost  are  of  large 
size,  often  several  hundred  feet  in  height.  They  are  composed  of  gravel 
and  silt,  often  more  or  less  consolidated.  Except  wliere  accidentally 
renewed  by  the  modem  undercutting  of  streams,  they  are  characterized 
by  gentle  slopes  and  much  battering  and  erosion,  showing  that  they  are 
comparatively  old.  The  other  terraces  are  successively  younger ;  they  are 
composed  of  less  consolidated  material,  but,  nevertheless,  are  not  so  much 
worn.  Over  vast  areas  the  number,  the  relative  size,  the  relative  amount 
of  weathering  and  erosion,  and  the  structure  and  form  of  the  terraces  are 
the  same.  This  is  true  not  only  in  valleys  lying  close  to  one  another,  but 
in  those  of  remote  regions  one  or  two  thousand  miles  apart.  It  appears 
impossible  to  explain  the  terraces  as  due  to  warping  of  the  earth^s  crust, 
because  of  their  uniformity  over  wide  areas  and  because  they  occur  in  val- 
leys which  interlock  in  such  a  way  that  a  movement  which  caused  ter* 
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racing  in  one  could  not  cause  it  in  the  otlier.  The  terraces  are  clearly  not 
due  directly  or  indirectly  to  glacial  action,  for  they  occur  indifferently  in 
valleys  which  have  or  have  had  glaciers  at  their  heads  and  in  those  in 
which  there  is  not  the  slightest  trace  of  glaciation,  along  either  the  main 
river  or  any  of  the  tributaries.  There  appears,  however,  to  be  a  relation 
between  glaciers  and  terraces,  for  the  number  and  relative  size  of  the  old 
moraines  of  central  Asia  is  the  same  as  that  of  the  terraces.  Moreover, 
in  certain  cases  terraces  are  so  related  to  moraines  that,  although  there  is 
no  evidence  that  ice-action  caused  the  terraces,  it  yet  appears  that  the  ter- 
races and  the  moraines  were  in  process  of  formation  at  the  same  time. 

Again,  in  number,  relative  size,  and  age,  the  terraces  appear  to  be  iden- 
tical with  the  old  lacustrine  strands,  although  here  again  there  is  no 
evidence  that  the  lakes  had  anything  to  do  with  the  terraces. 

In  view  of  all  the  facts,  it  seems  probable  that  the  terraces  bear  the 
same  relation  to  the  rivers  that  the  moraines  do  to  the  glaciers  and  the 
strands  to  the  lakes ;  that  is,  all  three  land  forms  appear  to  be  due  to  the 
varying  way  in  which  water,  under  the  influence  of  climatic  changes,  has 
acted  in  its  course  from  the  mountains,  where  it  assumed  the  form  of  ice 
and  snow,  through  the  length  of  the  rivers,  to  the  lakes. 

The  process  of  climatic  terrace-making  appears  to  be  as  follows:  In 
arid  regions  during  a  moist  epoch — whether  the  moisture  be  due  to 
heavier  precipitation  or  to  diminished  evaporation  because  of  lower  tem- 
perature— the  processes  of  weathering  are  more  active  and  soil  is  formed 
faster  than  in  a  dry  epoch.  Moreover,  the  moisture  causes  vegetation  to 
flourish  to  a  degree  impossible  under  drier  conditions.  The  vegetation 
holds  the  new-formed  soil  in  place,  even  though  the  rainfall  increase  and 
the  rivers  and  rivulets  become  more  capable  of  erosion  than  formerly.  If 
the  moist  epoch  last  long,  the  mountains  of  arid  countries,  such  as  Persia, 
for  exam])le,  must  lose  their  naked  character  and  become  well  shrouded 
with  rock  waste.  On  the  advent  of  a  dry  epoch  two  marked  changes 
occur:  part  of  the  vegetation  disappears;  and  the  contrast  between  dry 
seasons  and  wet  seasons  is  more  marked  than  formerly,  although  the  pro- 
portion of  rainfall  in  each  may  be  the  same  as  before.  The  soil  on  the 
mountains  is  no  longer  protected  by  roots  and  leaves,  and  is  exposed  at 
intervals  to  violent  erosion,  because  the  rain  runs  off  quickly,  now  that 
the  protecting  cover  of  plants  is  removed.  The  rock-waste  mantling  the 
slopes  is  washed  down  into  the  valleys,  and  accumulates  there  because 
the  heavilv  loaded  streams  can  not  carrv  it  all  awav.  In  course  of  time 
the  slopes  are  stripped  of  loose  material,  or  else  the  climate  again  becomes 
moist  and  vegetation  becomes  abundant.  In  either  case  the  load  of  the 
streams  is  less  heavy  than  formerly,  and  the  rivers  begin  to  dissect  the 
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deposits  on  the  top  of  which  they  have  hitherto  been  flowing.  Thus,  ap- 
parently, a  terrace  is  formed ;  and  a  repetition  of  the  process  gives  rise  to 
a  series,  provided  neither  deposition  nor  erosion  proceeds  so  far  as  to 
efface  the  earlier  terraces.  In  western  and  central  Asia,  throughout  an 
area  at  least  3,000  miles  long  from  east  to  west  and  1,500  miles  wide  from 
north  to  south,  one  everywhere  finds  terraces  which  appear  to  be  of  cli- 
matic origin.  Similar  terraces  are  also  found  in  Arizona  and  Utah, 
although  these  have  not  been  critically  investigated  and  usually  have  been 
considered  to  be  due  to  earth-movements. 

Influence  of  Changes  of  Climate  on  Vegetation — Loess 

Perhaps  the  most  important  of  all  the  results  of  changes  of  climate  is 
the  effect  on  life.  Reference  has  already  been  made  to  large  areas  of  dead 
vegetation,  which  are  located  at  the  ends  of  withering  rivers  and  which 
form  a  notable  feature  of  the  deserts  of  the  Lop  basin.  The  inferred  in- 
fluence of  the  growth  of  plants  on  the  accumulation  of  soil  and  on  the 
formation  of  terraces  has  also  been  mentioned.  An  effect  kindred  to  this 
last  is  seen  in  many  places  on  the  south  side  of  the  Lop  basin.  The  pre- 
vailing winds  of  this  region  are  from  northerly  quarters  across  the  great 
sandy  desert  of  Takla-Makan.  The  moving  air  picks  up  vast  quantities 
of  fine  dust,  which,  during  the  summer,  fills  the  air  with  a  dense  haze  for 
weeks  at  a  time.  Fine  yellow  dust  is  constantly  falling  at  such  a  rate 
that  a  visible  layer  accumulates  in  a  day  in  a  pan  of  water  set  in  tlie  mid- 
dle of  a  field  of  grass.  Time  and  again  I  tried  this  experiment  with  the 
same  result,  even  though  the  region  within  ten  or  twenty  miles  had  been 
moistened  by  a  shower  within  a  few  hours.  The  great  desert  to  the  north 
had  not  been  moistened,  and  its  loose,  dry  dust  was  continually  being  car- 
ried into  the  upper  air,  not  only  by  ordinary  winds,  but  by  great  dust- 
whirls  a  thousand  or  more  feet  high.  From  a  mountain-top  I  several 
times  watched  a  cloud  of  dust  approach  from  the  desert  after  a  storm. 
It  filled  the  air  to  a  height  of  thousands  of  feet,  and  advanced  steadily 
before  a  gentle  breeze  scarcely  perceptible  to  the  observer.  In  this  way 
the  northern  slope  of  the  Kwen  Lun  mountains  south  of  the  Lop  basin 
is  being  showered  with  yellow  dust,  which  is  nothing  more  nor  less  than 
loess  of  the  most*  typical  sort.  Wherever  there  is  sufficient  vegetation, 
which  is  only  close  to  the  higher  mountains — where  the  rainfall  is  compar- 
atively large — the  dust  is  held  in  place,  and  heavy  deposits  of  loess  are  in 
process  of  accumulation.  Lower  down  the  mountains,  where  the  rainfall 
and  vegetation  are  less  abundant,  there  is  also  much  loess,  but  it  is  being 
dissected  and  carried  away.  Apparently  it  w.as  deposited  at  some  former 
time,  when  conditions  were  different  from  those  of  today.     The  difference 
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was  quite  surely  in  the  amount  of  vegetation.  Formerly,  during  glacial 
times,  there  was  apparently  more;  now  there  is  less.  It  seems  safe  to 
infer  that  tliis  process  of  the  growth  and  the  dying  off  of  vegetation  has 
gone  on  again  and  again  as  glacial  epochs  have  given  place  to  interglacial. 
Similar  effects  are  known  to  have  taken  place  in  other  regions.  Animals 
as  well  as  plants  have  been  influenced,  and  so,  too,  has  man,  as  I  have 
shown  in  "The  Pulse  of  Asia;"  but  the  most  fundamental  organic 
change  has  been  the  response  of  vegetation  to  varying  types  of  climate. 
It  has  probably  taken  place  in  almost  all  parts  of  the  continents.  In  view 
of  this,  it  seems  as  if  we  were  warranted  in  speaking  of  "vegetal"  epochs 
with  the  same  freedom  with  which  we  speak  of  "glacial"  and  "fluvial" 
epochs.  The  term  is  not,  however,  suflSciently  general.  Like  glacial  and 
all  the  others,  it  is  somewhat  local  in  its  significance,  and  it  applies  to 
only  one  of  the  many  phases  characteristic  of  epochs  of  climatic  change. 
Its  use,  like  that  of  "glacial,"  or  any  other  of  the  terms  to  which  reference 
has  been  made,  is  misleading,  because  it  xmavoidably  carries  with  it  the 
implication  that  it  expresses  the  most  important  feature  of  the  epochs 
which  it  characterizes.  Each  of  the  terms  is  useful,  but  something  is 
needed  which  shall  embrace  them  all. 

Resume  of  Characteristics  of  the  Pleistocene  Period  of  climatic 

Changes 

The  characteristics  of  the  Pleistocene  period  of  climatic  changes  have 
been  grouped  above  into  four  categories : 

First  in  logical  order,  though  not  the  most  noticeable,  are  those  per- 
taining to  the  nature  or  type  of  the  clianges.  They  are  described  by  siicli 
words  as  moist  and  dry,  cold  and  warm,  pluvial  and  arid. 

The  next  group  of  characteristics  consists  of  those  pertaining  to  the 
active  agents  which  are  directly  affected  by  climatic  oscillations,  and 
which  in  turn  work  upon  other  things  and  produce  tangible  results, 
although  the  agents  themselves  pass  away.  They  are  described  by  the 
terms  glacial,  meaning  that  glaciers  are  important,  and  interglacial,  mean- 
ing that  glaciers  are  unimportant,  and  by  the  terms  fluvial  and  inter- 
fluvial,  and  lacustral  and  interlacustral,  having  similar  significance  as  to 
rivers  and  lakes.  It  might  be  well  to  have  another  pair  of  terms  indi- 
cating the  importance  or  lack  of  importance  of  underground  water,  hut 
this  perhaps  may  be  included  in  fluvial,  which  may  be  taken  to  apply  to 
all  flowing  water,  whether  above  ground  or  below. 

A  third  group  of  characteristics  consists  of  those  pertaining  to  the  vis- 
ible products  of  the  work  t)f  the  agents  of  the  last  group.  For  those  we 
have  no  good  adjectives.  They  may  be  described  as  concerned  with  mo- 
raines or  intermorainic  deposits,  with  the  formation  and  the  stripping  of 
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a  mantle  of  soil  in  arid  regions,  with  the  deposition  or  the  erosion  of  the 
materials  of  terraces,  and  with  the  formation  of  lacustrine  strands  and 
deposits,  and  the  results  produced  when  lakes  retreat  from  a  high  stand. 
Finally,  we  have  a  group  of  characteristics  of  epochs  of  climatic  change 
dependent  upon  the  influence  exerted  upon  life.  As  animal  life  depends 
almost  entirely  on  vegetable  life,  it  is  enough  to  speak  of  vegetal  and 
intervegetal  conditions. 

Rhythmic  Nature  op  climatic  Changes — Suggestion  of  new  Terms 

DERIVED  FROM  THE  EhYTHM  OF  POETRY 

In  the  preceding  summary  of  the  characteristics  of  the  Pleistocene 
period  of  climatic  changes  it  is  noticeable  that  all  the  descriptive  terms 
are  in  pairs.  Diverse  as  they  are  in  many  respects,  they  all  possess  this 
imity.  The  great,  outstanding  characteristic  of  climatic  changes,  as  we 
know  them,  is  their  rhythmic  quality.  This  is  universal,  pertaining  to 
each  and  all  of  the  activities  or  results  engendered  by  the  swing  of  climate 
from  one  extreme  to  the  other.  A  series  of  climatic  changes  such  as  that 
of  the  Pleistocene  is  like  a  line  of  poetry,  or  a  stanza,  in  which  there  is  a 
constant  repetition  of  a  certain  definite  series  of  accented  and  unaccented 
measures.  In  order  to  have  terms  which  shall  be  applicable  to  all  parts 
of  the  world,  and  which  shall  not  run  the  risk  of  being  misinterpreted 
because  they  carry  only  a  local  significance,  it  seems  appropriate  to  adopt 
into  geology  three  terms  used  by  the  Greeks  and  Romans  to  describe  the 
parts  of  a  poetic  composition.  The  words  are  "strophe,"  "arsis,"  and 
"thesis."  They  have  passed  from  Latin  into  English,  and  are  thus  de- 
fined by  the  Standard  Dictionary : 


«j 


'Strophe  (stro'-fl).  A  metrical  form  of  ancient  lyric  poetry  in  which  the 
rhythmical  movements  are  combined  into  groups  that  are  repeated  one  or  more 
times.  .  .  .  Strophe  means  literally  *a  turning.*  At  the  end  of  the  strophe 
we  turn  and  repeat  the  same  conditions.  .  .  .  Stanza,  under  another  sym- 
bol,  means  the  same  thing." 

*'ArHiM  (in  prosod>-).  The  syllable  that  receives  the  ictus  or  stress  of  voice, 
as  opposed  to  the  thesis ;  also  the  stress  itself." 

"Thesis,  In  modern  prosody  .  .  .  the  unaccented  part  of  a  foot;  also, 
the  depression  of  voice  in  pronouncing  the  thesis.' 


»» 


A  poetic  example  will  make  the  matter  clear : 


/  /  /  / 

Still  sits  the  school-house  by  the  road, 

/  /  / 

A  ragged  beggar  sunning. 

/  /  /  / 

Around  It  still  the  sumachs  grow, 

/  /  / 

And  blackberry  vines  are  running. 
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^  /  /  /  / 

Within,  the  master's  desk  is  seen, 

Deep  scarred  by  raps  official, 

/  /  t  f 

The  wan)iug  floor,  the  battered  seats. 

The  jac]£-knife*s  carved  initial. 

We  have  here  two  strophes,  or  stanzas.  Each  consists  of  regularly 
recurring  arses  and  theses,  or  accented  and  unaccented  syllables.  The 
metrical  composition  of  the  stanzas  presents  a  close  analogy  to  the  course 
of  climate  during  geological  time,  as  is  illustrated  in  figure  2.  In  the 
figure  horizontal  distance  represents  the  course  of  time.  An  upward 
curve  indicates  increasing  moisture,  diminishing  temperature,  or  other 
conditions  pertaining  to  the  phase  of  a  climatic  cycle  known  as  glacial, 
fiuvial,  lacustral,  and  so  forth.  The  climax  is  the  arsis,  and  the  time 
in  which  it  occurs  is  an  arsml  epoch.  The  appropriateness  of  the  term  is 
evident  when  one  considers  the  stress  which  is  commonly,-  and  perhaps 

AR^*^  »..  INTER- STROPHE  --*•  STROPHE  -'\ 
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Figure  2. — Diagram  iUustrating  Progress  of  Changes  of  Climate  during  geological  Time. 

justly,  laid  upon  the  marked  features  of  glacial  or  fluvial  epochs  as  com- 
pared with  the  less  noticeable  features  of  interglacial  epochs.  A  downward 
curve  in  the  figure  represents  a  tendency  toward  aridity  or  warmth,  cul- 
minating at  what  may  be  termed  the  thesis.  The  time  when  a  thesis 
occurs  is  a  thesial  epocli,  which  may  be  described  as  interglacial,  or  inter- 
fluvial,  and  so  forth,  when  the  agents  which  modify  the  earth's  surface 
are  considered,  or  as  intervegetal,  interpluvial,  and  so  forth,  when  other 
phases  are  considered.  A  group  of  climatic  cycles  consisting  of  alter- 
nating accented  or  arsial  epochs  and  unaccented  or  thesial  epochs  forms  a 
strophe,  just  as  in  poetry  a  succession  of  feet  composed  of  arses  and 
theses  forms  a  stanza.  Thus  we  may  speak  of  the  Pleistocene  strophe  of 
climatic  change  or  the  Permian  strophe.  An  intervening  period,  when 
changes  of  climate  are  less  marked  or  less  frequent  than  during  the 
strophes,  would  naturally  be  termed  an  interstrophe. 

Importance  of  climatic  Eecords  in  arid  Basins 

Records  of  climatic  change  are  found  chiefly  in  regions  where  ex- 
tremes of  one  sort  or  another  have  prevailed.    In  a  country  where  arsial 
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conditions  have  never  been  more  severe  than  those  of  Canada  today,  and 
where  thesial  conditions  have  been  like  those  of  Texas,  it  is  in  vain  to 
look  for  any  very  marked  evidences  of  a  climatic  strophe.  Under  more 
extreme  conditions^  however,  a  much  slighter  change  will  produce  far 
more  manifest  and  permanent  results.  For  instance,  a  change  from  the 
climate  of  northern  Canada  to  that  of  Greenland  would  cause  glaciation, 
and  a  change  from  the  climate  of  Utah  to  that  of  Montana  would  cause 
the  expansion  of  inclosed  lakes.  Hence,  in  studying  the  Pleistocene 
strophe,  attention  has  been  devoted  mainly  to  glaciated  coimtries,  on  the 
one  hand,  and  to  arid  regions,  where  the  lakes  have  no  outlets,  on  the 
other.  Glacial  deposits,  including  till-sheets  and  moraines,  are  com- 
monly laid  down  in  regions  of  more  or  less  relief,  where  erosion  is 
comparatively  active.  Therefore  they  are  liable  to  relatively  rapid  de- 
struction. Moreover,  the  deposits  of  one  arsial  epoch  are  in  imminent 
danger  of  being  destroyed  in  the  next.  In  arid  basins  the  case  is  very 
difiFerent.  Erosion  is  at  a  minimum  or  absent,  and  the  deposits  of  one 
epoch  are  usually  laid  immediately  on  those  of  its  predecessor.  Every- 
tliing  combines  to  preserve  a  complete  record  of  all  the  changes,  climatic 
and  otherwise,  to  which  the  given  region  has  been  subjected.  Generally 
the  record  is  inaccessible.  If,  however,  by  uplift  or  otherwise,  it  is  ex- 
posed and  dissected,  it  furnishes  a  most  valuable  means  of  supplementing 
the  glacial  record  by  filling  in  the  gaps,  and  by  indicating  the  occurrence 
of  early  events  whose  record  in  colder  lands  has  been  completely  effaced 
by  successive  incursions  of  ice. 

The  Basin  of  Seyistan,  in  eastern  Persia 
general  description  op  the  basin 

In  the  arid  basins  of  Seyistan,  in  eastern  Persia,  and  of  Lop  and  Tur- 
fan,  in  Chinese  Turkestan,  such  records  of  the  Pleistocene  strophe  are 
found.  The  evidence  of  all  three  basins  appears  to  agree  in  indicating 
that  the  strophe  was  very  complex,  and  that  there  were  several  cycles  of 
climatic  change  preceding  those  of  which  the  record  is  preserved  in 
glaciated  regions.  The  basin  of  Seyistan,  which  I  have  described  in 
"Explorations  in  Turkestan,^'  comprises  a  mountain-girt  area  of  about 
200,000  square  miles  in  southwestern  Afghanistan,  northwestern  Balu- 
chistan, and  eastern  Persia.  The  climate  is  so  dry  that  many  of  the 
streams  wither  away  and  are  lost  in  the  vast  piedmont  slopes  of  gravel 
at  the  base  of  the  encircling  mountains.  The  rest  unite  to  form  the 
Helmund  river,  which  flows  toward  the  corner  where  Persia  joins 
Afghanistan  and  Baluchistan.  There  the  river  gives  rise  to  two  lakes 
lying  at  almost  the  same  level.     One,  called  the  Hamun-i-Seyistan 
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(swamp  of  Seyistau),  is  a  broad  and 

eiceedingly  ahallow  expanse  of  freah 
water  Burroimded  by  a  vast  reedj 
swamp.  Occasionally,  during  years 
of  unusually  high  floods,  this  lake  dis- 

-■ — --  charges  to  another  lying  farther  south, 

the  intensely  aalt  Qod-i-Zirrah.  BoUi 
lakLti  are  surrounded  by  the  bed  of  an 
older,  larger  lake.  The  bed  is  a  pkiii, 
splendidly  fertile  wherever  water  is 
available   for  irrigation.     It  is  sur- 

,;  ~~™  ~*  rounded  by  a  bluflf  cut  by  the  expanded 

iH"^"*^^"'""" "'        ^^^  '^^  ancient  times.     At  the  top  of 

■  ».^~.H.,  the  blufE  a  huge  desert  of  wind-blom 
^~  ll^^^  sand  and  parched  gravel  stretches  mile 
-"""-^-^  — -—  after  mile  toward  the  distant  moun- 
*,  ""^"■.". _.  tains. 

---'--  During  the  latter  part  of  the  Qua- 

.-,..u™,»_-.,  ternary   era   volcanoes   broke   out  in 

various  places  within  the  limits  of  the 
old  lake.     In  the  course  of  their  erup- 
tions earth  movements  took  place,  and 
.!—.,_,*,  large  portions  of  the  lake  bottom  ffere 

•  r— r™«,™_«.._  uplifted  and  covered  in  part  with  caps 

of  lava.     Subsequent  erosion  by  the 
.™-.-_™™„„  lal;Q  bus  cut  into  the  uplifted"  strata, 

■  ~->u.-„u  with  the  result  that  in  some  places 
"""'"■•'  tliere  are  bluffs  from  400  to  600  feet 
i'z  ^Erxr"'  high.  The  strata  thus  exposed  reveal 
"«.^!!1  ^^^  history  of  the  Seyistan  basin  dur- 
"'~"i!Z'7^  '°S  *°^  preceding  the  time  known 
i'H  Hr^— '  elsewhere  as  the  Glacial  period.  The 
>»—*«■-«,  record  is  simple  and  apparently  easy 
.»_».«  to  interpret.  There  is  no  greater  em- 
""-'^-.".•.1'*""™ '~"~  phasis  on  one  phase  than  on  another, 
-"lZZr^"~""                ""'1  nothing  seems  to  be  lost. 


I.  Snbaerial   red   beds. —  The  na- 
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time  of  the  Seyifttan  volcanoes  and  exposed  in  the  lacnstrine  bluffs  ie 
shown  in  the  accompanying  sections  (figures  3  and  4),  The  main  hody 
of  the  deposits  consists  of  numerous  alternations  between  thick  reddish 
or  pinkish  strata  and  thinner  strata  of  a  white  or  greenish  color.  The 
pink  beds  consist  largely  of  clays  and 
very  fine  silts,  which  often  pass  into  ».  ••—a™ 

fine  brown  sand.     A'iewed  as  a  whole, 

the  pink  layers  are  very  continuous  ""    ■"-™"-^"'' 

and  preserve  the  same  character  for 
mile  after  mile.     In  detail,  however, 

they  vary  considerably,  even  in  short  "•""""^T^SfBTMjrsS!.?' 

distances.     For  instance,  a  layer  of 
clay  is  often  interrupted  by  a  band  of  ...!■«— o~-i 

fine  sand  which  continues  a  few  hun- 
dred feet  and  then  dies  out.     More 

rarely  a  layer  of  grit  or  fine  gravel  is  ""  """"iSiTJr—Si;* 

exposed,  and,  rarest  of  all,  a  distinct 
fossil  stream  bed.     Again,  in  certain 
places  slight  unconformities  are  dis- 
cernible, as  if  a  little  erosion  had  taken  .„.  .»..»..« 
place  between  the  deposition  of  one  ,T.,^(— ^-j —.-■■— ™, 
layer  and  the  nest.     Among  the  more                 <••■  •■-.-'..«. 
sandy  layers   there   are   further  evi-  "■  •-— »~  — 
denees  of  exposure  to  the  air.     In  one  m  n-.,  r.. ,« 
place,   for   intance,   the   sand   shows 
ripple-marks,   worm-easts,   and   rain-                  ,-.  "•.^™.»„ 
drop  prints.     Finally,  the  layers  of 
this   formation  are  everywhere  of  a                  ni«— ri-«» 
reddish   tint,   varying   from  pink  to 
brown.     The  only  exception  is  found  '"  ■■—'—*' 
in  some  of  the  sandier,  more  quartzose  „.  ,,_.,„^ 
layers,  which  are  gray  for  a  few  inches. 
Everywhere  the  maierials  appear  to 

have  been  exposed  to  oiidization  for  a  piocnn  4.— seedon  of  ciay  oepotui  <» 
considerable    period   under   subaerial  old  Lake  Bed  of  aeyiitan. 

conditions  of  such  aridity  that  few  or  LocsIHj  near  that  of  agnre  a.  Scaie : 
no  plants  were  present.     Thus,  on  the  ~ 

one  hand  there  was  nothing  sueh  as  a  superincumbent  sheet  of  water  to 
prevent  decomposition  and  oxidization,  and  on  the  other  there  was  no 
vegetation  to  leach  out  the  oxidized  iron  and  prevent  the  deposits  from 
assuming  a  red  color.     Apparently  the  pink  beds  were  deposited  snb- 
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aerially  by  pccasional  widely  spreading  floods,  or  in  temporary  playas, 
during  periods  of  extreme  aridity. 

2.  White  or  light-colored  lacustrine  clays. — ^The  white  or,  more  ex- 
actly, the  greenish  clays,  are  very  different  from  the  red  layers  with 
which  they  are  interbedded.  On  the  upper  and  lower  edges  they  are 
mixed  with  fine  sand  or  are  more  or  less  banded.  Occasionally  a  purple 
layer  occurs  or  a  band  of  yellow  clay  and  fine  sand  in  which  are  fossil 
leaves  and  reeds.  The  main  mass  of  each  stratum,  however,  consists  of 
solid,  imbroken  layers  of  pure  clay,  uniform  in  texture  and  color  and 
showing  none  of  the  slight  variations  characteristic  of  the  pink  beds. 
The  color  indicates  that  the  materials  were  brought  quickly  from  their 
place  of  origin  among  the  mountains  and  have  never  been  long  exposed 
to  erosion,  or  else  that  whatever  oxidization  has  taken  place  occurred  in 
the  presence  of  plants  capable  of  removing  the  oxidized  iron.  Which- 
ever may  be  the  case,  the  green  strata  as  a  whole  show  no  sign  of  sub- 
aerial  origin  and  appear  to  be  typically  lacustrine. 

CLIMATIC  8I0MFICAXCE   OF  THE  ALTERNATiyO  RED   AND    WHITB   STRATA 

OF  SSriSTAN 

The  red  or  pink  and  the  white  or  green  beds  differ  from  one  another 
chiefly  in  the  conditions  of  deposition.  The  material  of  the  clayey  portions 
of  the  pink  appears  to  be  identical  with  that  of  the  green,  except  that  it 
contains  a  large  amount  of  oxidized  iron.  It  is  reasonably  certain  that 
both  pink  and  green  were  derived  from  the  same  source.  The  alternation 
of  such  subaerial  and  subaqueous  beds  indicates  that  during  the  most 
recent  geological  times  the  lake  of  Seyistan  has  alternately  retreated 
from  and  encroached  upon  large  areas  of  its  quondam  bed.  The  dura- 
tion of  each  epoch  of  retreat  and  encroachment  must  have  been  consider- 
able, for  the  accumulation  of  from  5  to  20  feet  of  the  finest  clay  must 
have  taken  some  thousands  of  years,  if  deposition  was  formerly  as  slow 
as  it  now  appears  to  be  in  the  Ilamun-i-Seyistan  at  a  distance  from  the 
river  mouths.  The  change  from  subaerial  to  lacustrine  conditions  and 
the  reverse  must  have  been  gradual,  for  the  pink  and  green  deposits  often 
shade  into  one  another.  Tlie  sandy  layers  mixed  with  the  upper  and 
lower  portions  of  the  lacustrine  clay  seem  to  indicate  shore  conditions, 
and  the  layers  of  yellow  or  purple  clay  with  the  inclosed  fossil  plants 
point  to  the  existence  of  marshes,  like  the  swamps  of  today,  on  the  shores 
of  the  retreating  or  advancing  lake. 

When  we  attempt  to  explain  the  variations  in  the  lake,  four  hypotheses 
present  themselves:  First,  the  lake  may  have  had  an  outlet  which  was 
repeatedly  dammed  by  volcanic  eruptions  or  otherwise,  and  as  frequently 


CHANGES   OF   CLIMATE  OF    SEYISTAN  367 

swept  clear;  second,  a  large  tributary  may  have  been  alternately  diverted 
to  and  from  the  lake;  third,  the  region  of  Seyistan  may  have  been  sub- 
jected to  a  highly  specialized  type  of  rhythmic  earth-movements  whereby 
the  lake  was  poured  from  side  to  side  or  its  bottom  was  repeatedly  raised 
and  lowered;  and,  fourth,  the  Pleistocene  strophic  period  may  have  con- 
sisted of  a  much  larger  number  of  epochs  than  has  been  commonly  sup- 
posed from  a  study  of  glaciation.  Only  the  fourth  hypothesis  appears 
tenable,  as  I  have  shown  in  "Explorations  in  Turkestan."  A  succession 
of  ten  arsial  epochs  of  lake  expansion  alternating  with  ten  thesial  epochs 
of  lake  contraction  w^ould  account  for  all  the  observed  fa^its  of  Seyistan. 

INDICATIONS  OF  LATER  CHANGES  OF  CLIMATE  AT  SEYISTAN 

The  history  of  the  climate  of  Seyistan  after  the  time  when  the  clays  of 
the  old  lake  floor  were  uplifted  seems  to  be  continued  in  three  thick 
deposits  of  gravel  alternating  with  fine  silt.  These  cap  the  clays  in 
many  places,  as  appears  in  figure  4.  The  gravels  and  silts  seem  to  be 
related  in  the  same  way  as  the  alternating  clays  which  underlie  them, 
the  gravels  corresponding  to  the  pink  clays,  and  the  silts  to  tlie  green. 
The  gravel  and  silt  are  coarser  and  more  largely  subaerial  than  the  clays, 
apparently  because  the  earth-movements  already  mentioned  uplifted  this 
northwestern  part  of  Seyistan  and  steepened  the  grade  of  the  streams. 

To  the  three  arsial  epochs  indicated  by  the  gravels  and  the  ten  indi- 
cated by  the  clays  we  must  add  two  more  to  account  for  two  strands  about 
15  and  25  feet  above  the  present  average  high-water  mark.  In  order  to 
explain  all  the  phenomena  of  the  lake  of  Seyistan,  we  are  therefore 
obliged  to  postulate  15  cycles,  each  with  its  arsis  and  thesis.  We  rebel 
at  the  thought  of  adding  cycle  to  cycle  in  this  wholesale  fashion;  yet 
fifteen  or  a  hundred  cycles  are  as  reasonable  as  one  or  two.  Putting 
together  all  the  evidence  of  clays,  gravels,  and  strands,  it  appears  that  in 
eastern  Persia  the  last  part  of  the  Tertiary  era  and  the  whole  of  the 
Quaternary  form  a  strophe  characterized  by  an  extraordinary  series  of 
climatic  oscillations.  At  first  the  extremes  appear  to  have  been  mild  or 
brief,  then  more  severe  or  longer,  and  now  again  mild.  The  epochs  suc- 
ceeding the  maximum  appear  to  correspond  to  those  known  elsewhere  as 
characteristic  of  the  Glacial  period.  Although  the  correlation  has  not  yet 
been  perfectly  established,  the  lacustrine  strands  and  the  gravel  deposits 
of  Seyistan  appear  to  be  synchronous  with  the  series  of  fluvial  terraces 
found  universally  in  Persia  and  Turkestan.  The  terraces,  as  has  been 
Baid,  can  be  correlated  with  the  moraines  of  central  Asia,  and  there  is 
no  reasonable  doubt  that  the  moraines  are  synchronous  with  those  of 
Europe. 

XXXII — Bull.  Geol.  Soc.  Am.,  Vol.  18,  1906 
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LOP-XOR  AND  THE  BasIN   OF  LOP,  IN   CHINESE  TURKESTAN 
OEXERAL  DESCRIPTION  OF  THE  BASIS 

Turning  now  from  Seyistan,  we  find  that  remoter  regions  present  sim- 
ilar phenomena.  Between  1,600  and  1,700  miles  east-northeast  of  Seyis- 
tan, as  far  as  from  New  York  to  Denver,  the  almost  unknown  lake  of 
Lop-Nor  lies  in  the  heart  of  Asia,  in  the  deserts  of  Chinese  Turkestan. 
Its  altitude  is  about  2,600  feet  above  the  sea,  or  1,000  feet  higher  thaL 
Seyistan.  During  the  winter  of  1905-1906  I  traveled  almost  complete!} 
around  the  lake,  crossing  the  unexplored  eastern  end  of  the  vast  salt 
plain  of  its  old  bed  (plate  32).  The  lake  and  basin  of  Lop  belong  to 
the  same  type  as  those  of  Seyistan.  A  lofty  ring  of  snowy  mountains 
and  plateaus  encircles  a  vast  desert  area  of  sand  and  salt  extend  ins:  more 
than  1,000  miles  east  and  west  and  400  north  and  south.  Most  of  the  cen- 
tripetal streams  wither  away  and  disappear  in  monotonous  slopes  of  pied- 
mont gravel  or  in  the  sandy  plain  of  the  basin  floor.  A  few  of  the  larger, 
however,  from  the  north  and  west,  unite  to  form  the  Tarim  river,  which, 
as  we  have  seen,  terminates  in  the  lake  of  Lop-Xor,  200  miles  east  of  the 
middle  of  the  basin.  Lop-Xor,  which  can  scarcely  claim  to  be  a  lake, 
has  an  area  variously  estimated  at  from  60  by  13  to  75  by  18  miles,  and 
consists  of  beds  of  vigorous  reeds  growing  in  shallow  water.  At  the 
southwest  end,  near  the  mouth  of  the  Tarim  river,  the  water  of  Lop-Xor 
is  comparatively  fresh,  but  farther  east  it  is  intensely  salt,  and  there  the 
reeds  come  to  an  end. 

ABANDONED  LACUSTRINE  STRANDS  OF  LOP-NOR 

On  all  sides  save  near  the  river,  the  swamp  is  surrounded  by  the  salt 
plain  shown  in  plates  32  and  33.  It  has  a  length  of  nearly  250  miles 
and  a  width  of  over  60.  The  plain  is  bounded  by  an  old  strand  (plate 
31,  figure  2)  about  12  feet  above  the  present  level  of  the  marsh  (1906). 
Above  this  there  are  five  other  unmistakable  strands  at  heights  of  20,  35, 
115,  300,  and  600  feet,  as  determined  by  aneroid  (plates  31-33).  The 
figures  are  only  approximate.  The  lowest  strand  is  at  least  2  or  3  miles 
from  the  lake  and  often  10  or  20.  As  I  had  no  means  of  leveling,  it 
was  impossible  to  ascertain  the  levels  exactly.  The  two  oldest  strands 
lie  far  back  from  the  lake,  and,  as  appears  in  plate  31,  figure  1,  are  much 
covered  with  talus.  Nevertheless  they  can  be  clearly  distinguished  where 
they  lie  at  the  base  of  high  and  much  dissected  bluffs  cut  by  the  lake 
in  huge  fans  of  gravel,  as  at  Jilluck,  between  Vash  Sheri  and  Charklik, 
and  along  the  northern  slope  of  the  little  range  of  Takia  Tagh,  150  miles 
farther  east.     At  its  maximum  extent  the  lake  was  probably  about  600 
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miles  long  by  135  wide.  The  tliree  middle  Btranda,  at  heights  of  SO,  36, 
and  115  feet,  are  usually  welt  developed  on  both  sides  of  the  lake  (plate 
31,  figure  2,  and  plate  32,  figure  1).  The  youngest  is  very  faint  and 
recent.  Ae  has  been  said  above,  the  strands  agree  with  the  terraces  and 
moraines  of  other  parts  of  central  Asia  in  size  and  number,  and  all  three 
kinds  of  phenomena  appear  to  be  synchronous.  The  small  sixth  strand, 
together  with  a  little  sixth  terrace  and  a  small  modem  moraine  from 
which  the  ice  has  recently  withdrawn,  appears  to  he  due  to  a  mild  araial 
epoch  dating  from  historic  times. 

PLE18T0CBIIB   liJID  PLIOCKfIB)   DEP08ITB  OF  LOP-NOR 

At  Lop,  as  at  Seyistan,  the  Pleistocene  strophe  appears  to  have  been 
characterized  by  a  series  of  climatic  oscillations,  part  of  which  preceded 
those  which  can  be  corre- 
lated    with     the     Qlacial 
period.    On  both  the  north 
and  south  sides  of  the  salt 
plain  I   found  clayey  de- 
posits of  lacustrine  origin  •"  """"""  ■""  •'"-" 
alternating      with      more 
sandy  subaerial  beds.    He- 
din  describes  similar  strata                 '"" 
at  the  eastern  end  of  the                  '" 
old  lake  bed,  and  I  found                 .i, 
them  far  to  the  southwest                 i»> 
near    Vash    Sheri.     They                  '" 
appear  to  cover  an  area  at                 "1 
least  300  miles  long  and                 '" 
100  wide.    They  have  been 
found  to  a  height  of  over  fhh-rk  5.— s 
250  feet  above  the  present 

lake.     The    accompanying  '^'"  *vr\ae  1         ,    n^^uieei 
soetiona  (figures  5-10),  all 

of  which  are  drawn  on  the  scale  of  40  feet  to  the  inch,  illustrate  the 
character  of  the  deiwsits.  Figure  10  shows  the  most  valuable  section. 
It  gives  the  aucceasion  of  strata  as  seen  along  the  dry  stream  bed  running 
south  from  Altmish  Bulak,  a  desert  salt  spring,  to  the  ruins  of  Lulan, 
on  the  north  side  of  the  salt  plain.  It  is  incomplete  at  the  top  and  prob- 
ably at  the  bottom,  and  there  is  a  break  in  the  middle.  Moreover,  it  may 
fail  to  tell  the  whole  story  because  the  lacustrine  strata  such  as  A  and  B, 
figure  11,  may  not  reach  the  surface.     Others,  such  as  E,  may  be  very 
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thin  where  cut  by  the  bed  of  the  stream,  although  of  considerable  thiik- 
ness  farther  toward  the  center  of  the  basin.  In  many  ways  the  sections 
at  Lop  are  much  less  satisfactory  than  those  at  Seyistan.  Nevertheless 
they  indicate  conclusively  that  in  the  main  the  histor}'  of  the  two  regions 
during  recent  geological  times  has  been  identical. 
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40  feet. 


i*}     S  CfOt— Oravd. 

f«)     i  ta»t— Hard  rrd  wli  slaad  wlfb  avBa  day 

(2)  M  feet— Pal*  r«d  nad  aad  fdt. 

(II     •  firrr— Trildw  day  aad  n ad,  aallne  at  i«» 
—    —        — Talufc 

FiorRB  7. — Section  of  Bluff  2  Jfi/c«  Wc^l 
of  Koahalangza. 

Near  the  east  end  of  old  I/)|>-Nor.  on  tho 
south  side.     Scale  :  I  inch  =  40  feet. 


^:H5^'^'  *•  <aet— «aady  •vddl.b  .!■>.  mCI  and  almoM  fiw  rr«a  aalL 


Ta^T^^'-.^rTy'*^     *  ft#i— ianat  r»d  clay. 

^^        ^    <-      I\'**     •  fatt— WhJItob  day  •lib  a  Hula  nad  aad  lalL 
(4)     1  foot— Sallaa  nd  day 


j-^XjSI  •  ft  ft*r— Wbliub  clay  «lib  a  llula  aaad  aad  aali. 


A  careful  examination  of  the  Lop  sections  brings  out  the  resemhlaiut* 
to  Seyistan.  First,  we  have  somewhat  massive  lacustrine  deposits  of 
pure,  light-colored  clay,  varying  in  tint  from  almost  white  to  pale  green, 
or,  on  the  edges,  pinkish  yellow;  second,  there  are  numerous  sandy  yellow- 
reed  beds,  indicative  of  swamps,  such  as  now  occur  in  central  Asia  on  tin- 
shores  of  lakes  or  in  tlu* 
flood-plains  of  rivcT.-: 
and,  third,  we  have  de- 
posits of  gravel  or  red 
clay,  pointing  apjiar- 
ently  to  arid  epochs  of 
lake  contraction.  Heed 
beds  appear  to  play  a 
much  more  important 
part    at    Ijop    than    at 

FiauBB  H.— Section   of   a   3-«fory   ''Yardang/'   or  JEoUan    Seyistan.    This  is  larjjl*- 

^^^^'  ly  because  at  liop  most 

The  mesa   la  about  25  miles   east   by   south  of  Altmlsh    ^^f  ^\^q  se(*tions  are  from 
Bulak.  north  of  old  I^p-Xor.     Scale  :  1  Inch  =  40  feet. 

near  the  borders  of  tlio 
old  lakes,  whereas  at  Seyistan  they  are  from  more  central  parts.  Anotlicr 
difference  is  the  much  greater  amount  of  salt  at  Lop,  both  in  the  lacus- 
trine and  subaerial  deposits.  This  corresponds  with  present  conditions. 
The  vicinity  of  Lop-Xor  is  one  of  the  most  saline  places  in  the  world. 
The  river  Tarim,  though  drinkable,  is  so  full  of  salt  that  it  can  not  he 


»     8  r«rl— Ydlewub  MBd.  with  may  i«a4t  aad  Mm 
floliaa  croaa-liMMinK. 
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until  for  irrigation,  and  most  of  the  few  springs  in  the  region  are  so  saline 
as  to  he  ahsolutply  undrinkable  in  summer.  Even  in  winter,  when  it  is 
jKMSsible  to  cut  out  the  best  part  of  the  ice  around  the  springs  and  melt  it 
fur  drinlfing  water,  my  men  and  I 
found  that  after  a  drink  we  were 
usually  more  thirsty  than  before,  al- 
though our  thirst  passed  away  within 
an  hour  or  two.  It  is  noticeable  that  ' 
the  most  highly  saline  parts  of  the 
deposits  at  Lop  are  usually  red. 
Thf'ir  appearance  suggests  that  they 
were  deposited  by  the  drying  up  of 
succ'Casive  sheets  of  water.  The  color 
seems  to  indicate  exposure  to  the  air 
before  each  layer  was  covered  by  its 
suecessor.  Probably  the  salt  was  de- 
posited in  great  playas,  which  disap-  ' 
pcan^  during  dry  seasons.  At  pres- 
ent IjOp-Nor  varies  greatly  in  size 
from  year  to  year  and  is  surrounded 
by  dirty  brownish  white  deposits  of 


ijiasrssarsi 


The   unconformities   in    the   Lop- 
Xor  deposits  are  almost  as  important 
as    the   strata    themselves  (see   plate  » 
.34).     Those  of  figures  12  and  13  lie 
at  iibout  the  same  elevation  on  oppo-  _ 

t^iti'  sid(»i  of  the  lake.     As  they  are  Hi'  "!  I'e^^^'Z^r^, 

miles  apart,  it  is  impossible  to  !«  sure  ij!  J^SSSiffi., 

as    to   their   relation.     They   appear,  "'  •  ■"-•wn* ■« ««. 

however,  to  be  of  the  same  age.     The  *"' 
strata  lying  above  the  main  uncon- 

,  „  ,  H  and  C  are  twu  aecHonH  8upplem«i(- 

formity,  A-B,  m  each  case,  seem  to  ary  lo  a.    Thpy  He  above  it.  but  the 

correspond    to    those    Iving    above    the   """  relallotisUlp  1h  not  known.     Scnle; 

bn^ak  in  ngure  10.     The  nnconform- 

ity  shown  in  figure  12  is  the  same  as  that  of  figure  5,  which  is  not  far 
distant.  In  figure  12  a  great  amount  of  erosion  has  taken  place  because 
of  the  presence  of  a  largo  stream  at  the  time  when  the  unconformity  was 
formed.     The  gravels  numbered  5  in  the  section  were  deposited  by  the 


•:^->'- 


r  LiHalily  rrf erred 
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PiQCBB  10. — Section  along  the  dry  Stream  Bed  leading 


Nortb  of  old  Lop-Nor.     Tbe  a 


:  AltmUh  Balak  U 
epoctu.     Scale:  1 


BURIED   STRANDS  OF  LOP 


stream  after  it  had  carved  a  channel 
in  the  soft  clays  numbered  1  to  4. 
Elsewhere  along  the  sides  of  the  mod- 
i-rn  gully  where  the  Bection  shown  in 
figure  13  is  exposed,  the  whole  of  the 
cross-section  of  the  old  channel  can  be 
seen.  The  channel  is  cut  in  clay  and 
siind,  and  forms  a  typical  fossil  stream 
l.cd  of  gravel  several  hundred  feet 
wide.  Figure  13  shows  how  it  hap- 
(jcned  that  the  old  stream  of  figure  12 
could  cut  so  deep  a  channel.  A-B 
seems  to  be  a  battered  lacustrine  bluff, 
cut  by  the  lake  when  the  water  stood 
si>ine  50  or  60  feet  above  the  present 
level.  The  lake  stood  at  this  height 
long  enough  to  cut  a  bluff  resembling 
that  of  plate  33,  figure  2.  Later  the 
water  rose  above  the  bluff  at  various 
times  and  the  overlying  strata  were 
deposited. 

It  is  impossible  to  assign  a  date  to 
Ihe  fossil  bluff  of  figure  12.  It  was 
certainly  formed  before  the  time  of  the 
115-foot  strand  and  probably  liefore 
that  of  the  300-  and  600-foot  strands. 
.-Vs  appears  in  figure  5,  the  strata  above 
the  unconformity  consist  of  two  de- 
]i^isjtfl  of  semi-lacustrine  and  very  saline 
red  clay  separated  by  41  feet  of  sul)- 
Herial  deposits  belonging  to  an  unmis- 
takable interlacustral  epoch.  The  upper 
layer  of  saline  deposits  lies  well  above 
the  115-foot  strand,  and  clearly  ante- 
dates it.  The  lower  layer  of  saline  de- 
posits is,  of  course,  still  older.  It  may 
be  that  the  two  were  formed  during  the 
;(flO-  and  600-foot  epochs  of  lake  ex- 
patTiion,  although  the  red  color  seems 
t  >  1)0  against  this.     In  the  present  ah- 
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sence  of  knowledge,  it  is  useless  to  carry  the  subject  further.  The  point 
to  be  emphasized  is  that  the  unconformity,  with  its  accompanying  fossil 
stream  channel  and  lake  bluff,  confirms  the  conclusion  derived  from  a 
study  of  the  alternating  lacustrine  and  non-lacustrine  strata.  The  con- 
clusion is  that  during  rwent  geological  times  there  have  l)een  important 


UNCONrOMMlTV.      J^ 

(4).    6  fe^t— MmwItc  lactnirlne 
clay  went  hiring 

(3)     3  fwt— Raddlsb  gnjr  uod. 
<2)     2  t—1 — riok,ciay. 

(1)     7  r«rt— Rrddtsb  gray  laod. 


(10)  ~        —Pink  bada. 
^9)     4  fact— Banded  red  and  grean  clay. 

(8)     8  feet— SolM  pale  greca  lacaatrlne  cla^. 
ni     1  foot— Yellow  eandy  clay  with  reada. 

<6)     8  feel— Alternating  graenlah  aand  and  cUy 

iplBk. 
(6)  10  feet— Orarel. 


FioiBK  V2.—Sirtion  in  Valley  2Vj  Milva  East  of  Chindelik  Spring. 
South  of  old  Lop-Nor.     Scale  :  1  Inch  =  25  feet. 

epochs  of  climatic  change  of  which  we  obtain  no  hint  from  the  study  of 
glacial  phenomena. 

NUMBER  OF  CLIMATIC  CYCLES  IN  THE  PLEISTOCENE   {PLIOCENE)   STROPHE 

AT  LOP 

The  exact  number  of  lacustral  epochs  recorded  at  Lop-Nor  can  not  be 
determined  as  yet.  In  figure  10  I  have  indicated  8,  but  other  interpreta- 
tions are  possible.  Yov  instance,  the  epochs  numbered  I,  II,  and  IV  are 
each  double.    On  the  other  hand,  many  observers  would  interpret  III  and 

4^  to  lake. 


Red  clay. 


KnjiKK  !.'{. — CioHs-Hcrtion  of  EolUin  Mesa  ahoicn  in  Figure  2,  Plate  36. 

Section  l8  at  right  anf^les  to  old  lake  shore,  and  lies  near  flgureH  8  and  0,  and  at 
about  the  level  of  9u.  between  the  35-  and  115-foot  strands. 

I\'  as  a  single  complex  epocjh.  Thus  the  number  of  lacustrine  epochs 
shown  in  this  particular  section  is  at  least  7  and  at  most  11.  The  upper 
lacustrine  layer  may  p()ssil)ly  have  been  deposited  at  the  time  when  the 
lake  stood  at  the  115-foot  level,  but  there  is  no  certainty  in  this  respect. 
In  like  manner  the  two  lacustrine  layers  next  below,  namely,  numbers  VI 
and  A^II,  may  rejiresent  the  600-  and  300-foot  lakes  respectively.     If  we 


FMilHK    1.— TlIK    I.KSI1'<'*T(J)    rUI.V 
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sct   Dei-OS  ITS 
or  the  plHya  of  Tiirfui 


THE   BASIN    OP   TURFAN  375 

suppose  that  this  is  the  case,  there  still  remain  at  least  four  lacustrine 
epochs  preceding  the  five  which  can  be  correlated  with  the  glacial  epochs 
of  Europe  and  America.  If  we  go  to  the  other  extreme  and  make  the 
number  of  lacustrine  epochs  as  large  as  possible,  we  find  that  there  is  a 
possibility  that  there  were  eleven  preceding  the  five  known  in  other 
lands.  Whichever  interpretation  we  adopt,  it  appears  that  the  Pliocene 
and  Pleistocene  strophic  period  was  highly  complex. 

The  Basin  of  Turfan,  in  Chinese  Turkestan 
general  description  of  the  basin 

At  Turfan,  200  miles  north  of  Lop-Nor,  we  find  further  evidence  of 
complexity.  Turfan  is  a  small  basin  of  the  same  type  as  Lop  and 
Seyistan.  Its  aggraded  floor  extends  about  100  miles  east  and  west  and 
50  north  and  south.  In  spite  of  its  extreme  mid-continental  position, 
the  lowest  point  of  Turfan  lies  two  or  three  hundred  feet  below  sealevel. 
Practically  no  rain  ever  falls  on  the  basin  floor.  The  high  mountains  to 
the  north  and  west  receive  enough  rain  to  support  a  few  perennial 
streams  too  small  to  be  called  rivers.  During  the  winter  some  of  the 
streams  reach  the  play  a  of  Bojanti,  in  the  center  of  the  basin.  There 
they  form  a  thin  sheet  of  water  which  dries  up  in  summer.  In  spring, 
when  the  snow  melts,  floods  from  the  mountains  sink  into  the  gravel  and 
silt  of  the  basin  floor,  and  in  the  lower  part  convert  scores  or  even  hun- 
dreds of  square  miles  into  an  impassable  bog  of  deep  mud.  Vegetation 
springs  up  in  the  bog,  but  attains  only  a  limited  growth,  as  the  country 
soon  becomes  parched.  A  few  hundred  years  ago,  when  the  rainfall  was 
apparently  larger,  vegetation,  chiefly  reeds,  grew  far  more  abundantly. 
The  plain  is  full  of  an  amazing  number  of  reed  stocks  in  places  where 
reeds  can  not  now  grow  for  lack  of  water.  So  abundant  ^re  the  dead 
reeds  that  the  villagers  who  utilize  the  streams  for  irrigation  make  a 
practice  of  digging  out  the  dry  stalks  for  firewood  (see  plate  35,  figure  1). 

The  recent  geological  history  of  Turfan  has  been  complicated  by  the 
upheaval  of  the  Fire  mountains  during  the  Pleistocene  period.  This 
little  range  consists  of  a  fault-block  of  red  sandstone  5  or  10  miles  wide 
and  extending  50  or  60  miles  east  and  west-  It  divides  the  floor  of  the 
Turfan  basin  into  a  northern  third  and  a  southern  two-thirds.  The 
front  slope  of  the  range  takes  the  form  of  a  steep  red  escarpment  nearly 
2,000  feet  high,  rising  abruptly  on  the  north  side  of  the  fault-line,  which 
runs  in  an  almost  straight  line  east  and  west.  The  back  slope  toward 
the  north  is  very  gentle.  The  sandstone  of  the  upfaultod  block  of  the 
Fire  mountains  dips  northward.     The  recency  of  at  least  part  of  the 
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faulting  is  evident,  not  only  from  the  steepness  of  the  escarpment  and 
the  narrowness  of  the  gorges  which  traverse  it,  but  from  the  fact  that  it 
cuts  across  terraces  dating  from  the  three  arsial  epochs  corresponding, 
apparently,  to  the  first  three  glacial  epochs  of  Europe. 

ABANDONED  LACUSTRINE  8TRAND8  OF  TVRFAN 

In  spite  of  the  complications  due  to  the  upheaval  of  the  Fire  moun- 
tains, there  remain  on  the  south  side  of  Turfan  various  evidences  that  the 
climatic  history  of  the  region  has  been  the  same  as  that  of  Lop-Nor.  It 
could  hardly  have  been  otherwise,  for  at  the  time  of  greatest  expansion 
the  borders  of  the  lakes  of  Lop  and  Turfan  were  only  a  little  over  a 
hundred  miles  apart.  South  of  the  playa  of  Bojanti,  in  a  region  where 
there  appear  to  have  been  no  notable  earth-movements  during  recent 
times,  two  sets  of  old  lake  bluffs  can  be  recognized.  One  lies  only  a  few 
feet  above  the  floor  of  the  playa.  It  may  correspond  to  either  the  20-  or 
35-foot  strand  of  Ijop-Nor.  The  other  set  of  bluffs  lies  far  back  from 
the  playa  and  is  almost  completely  shrouded  in  piedmont  gravel.  Its 
base  appears  to  lie  at  an  elevation  of  between  100  and  200  feet  above  the 
playa,  but  so  much  debris  has  been  washed  in  from  the  upper  parts  of 
the  .bluffs  that  the  actual  base  is  ever}^where  deeply  buried.  Judging  by 
the  appearance  of  the  bluffs,  they  must  be  at  least  as  old  as  the  300-foot 
strand  at  Lop-Nor.  Further  study  would  probably  reveal  other  strands 
corresponding  to  the  five  epochs  of  which  such  abundant  evidence  is 
found  in  other  parts  of  central  Asia.  My  stay  in  the  region  was  too 
short  for  more  than  the  most  cursory  examination.  I  found,  however, 
that  many  of  the  valleys  of  Turfan  are  characterized  by  five  fluvial  ter- 
races like  those  of  the  Lop  basin,  Eussian  Turkestan,  and  Persia. 

PLEISTOCENE  {AND  PLIOCENE)  DEPOSITS  OF  TURFAN 

1.  Lacustrine  layers. — The  upper  bluff  at  Turfan  is  cut  in  uncon- 
solidated clays.  The  succession  of  strata  is  shown  in  figure  14.  The 
section  is  far  from  complete.  Upward  it  is  prolonged  by  reddish  de- 
posits containing  more  or  less  sand  and  deeply  shrouded  in  gravel. 
Downward  it  continues  indefinitely.  The  highest  deposits  lie  250  feet 
above  the  playa,  and  the  lowest  almost  at  its  level.  The  section  here 
shown,  however,  covers  only  110  feet.  Three  unmistakable  lacustrine 
layers  are  evident.  All  three  are  older  than  the  upper  bluffs,  and  two  at 
least  appear  to  be  older  than  the  oldest  strand  at  Lop-Nor.  Here,  as 
elsewhere,  we  find  some  evidence  of  epochs  of  climatic  change  preceding 
those  recognized  in  glaciated  countries. 

2.  Vegetal  layers. — An  examination  of  the  details  of  the  Turfan  sec- 
tion discloses  the  fact  that  there  are  practically  no  red  strata.     Their 
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place  is  taken  by  layers  of  dark  carbonaceous  clay,  bog  iron  ore,  and  lig- 
nite. Manifestly  these  layers  are  of  subaerial  origin,  or  at  least  were 
formed  in  very  shallow  water,  such  as  that  of  the  swamps  of  Seyistan 
and  Lop,  or  the  flood-plains  of  the  same  regions.  Vegetation  was  abun- 
dant, as  has  been  tb^  case  till  recently.  Even  now  the  vegetation  of  the 
plain  of  Turfan  is  more  flourishing  than  that  of  the  plain  of  the  Lop 
basin.  In  ancient  times,  when  the  lignite  and  carbonaceous  clay  of  the 
section  were  formed,  much  of  the  vegetation  was  probably  a  low,  swampy 
growth,  but  there  were  plenty  of  trees  also.  In  and  near  the  carbo- 
naceous layers  I  found  many  pieces -of  fossil  wood  containing  much  iron. 
The  trunk  shown  in  the 
photograph  (plate  35, 
figure  2)  was  preserved 
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intact  for  a  length  of 
about  8  feet.  It  was  a 
foot  in  diameter  and 
was  somewhat  flattened. 
Its  preservation  was  so 
perfect  that  the  scars 
where  the  branches  had 
been  broken  off  were  in- 
tact. The  interlacus- 
trine  strata  of  Turfan 
reproduce  the  essential 
features  of  the  vegetal 
beds  of  the  Carbonifer- 
ous period.  The  section 
given  in  figure  14  re- 
sembles sections  in  the 
(.■oal  Measures  of  Penn- 
sylvania. 

Apparently  on  the  advent  of  an  interlacustrine  or  thesial  epoch,  the 
lake  of  Turfan  contracted,  leaving  a  smooth  plain.  Streams  from  the 
mountains — then  much  more  than  now — kept  the  plain  moist.  The 
result  was  a  luxuriant  growth  of  vegetation,  not  only  on  the  immediate 
edge  of  the  lake,  but  in  large  areas  of  swampy  land  round  about.  When 
conditions  were  most  favorable,  plants  grew  so  luxuriantly  that  thin  beds 
of  lignite  were  formed.  Under  less  favorable  circumstances,  the  number  of 
plants  diminished,  more  or  less  detritus  was  washed  into  the  swamps,  and 
carbonaceous  clays  were  formed.  Sometimes  the  bogs  produced  iron  ore ; 
again,  trees  grew  in  the  swamps  or  were  washed  in  from  the  surrounding 


Figure  14. — LakQ  Deposits  and  Quaternary  Coal  Measures 

at  TatUk  Bulak. 

Southeast  of  the  playa  of  Turfan.     Same  scale  as  llgure» 

5-10.     1  inch  =  40  feet. 
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uplands.  Under  other  conditions  reed  beds  flourished.  During  a  single 
prolonged  interlaeustrine  epoch  many  minor  variations  of  climate  appear 
to  have  taken  place,  so  that  the  strata  exhibit  much  variety.  The  varia- 
tions can  hardly  have  been  due  to  movements  of  the  earth's  crust,  for 
there  is  no  sign  of  erosion  or  of  the  unconformities  which  would  probably 
have  been  formed  under  such  circumstances.  Moreover,  the  fact  that  in 
spite  of  highly  complex  changes,  involving  constant  repetition  of  a  varied 
series  of  events,  the  history  of  Turf  an  agrees  with  that  of  distant  regions, 
such  as  Lop  and  Seyistan,  argues  in  favor  of  some  widespread  cause  such 
as  worldwide  changes  of  climate. 

Throughout  the  epochs  shown  in  figure  14,  the  climate  seems  at  all 
times  to  have  been  moist  enough  so  that  plants  grew  vigorously.  Even 
when  coal  or  carbonaceous  clays  were  not  deposited,  there  were  phmts 
enough  to  leach  out  from  the  deposits  their  oxidized  iron  as  fast  as  it  was 
formed.  The  absence  of  red  color  seems  to  demand  this  explanation. 
During  later  thesial  epochs,  however,  red  strata  were  deposited,  as  we 
find  in  the  almost  concealed  layers  lying  above  those  shown  in  the  section. 
Hence  we  may  infer  that  during  some  of  the  more  severe  thesial  epochs 
the  climate  of  Turfan  became  so  dry  that  plants  ceased  to  flourish  and 
iron  oxide  accumulated  with  nothing  to  take  it  out. 

COMPARISON  OF  THE  PLEISTOCEyE  VEQETAL  LAYERS  OF  TURFAN  WITH 

MESOZOIC  COAL  BEDS 

The  very  recent  interlaeustrine  vegetal  layers  described  above  are  not 
the  only  ones  at  Turfan.  At  the  base  of  the  faulted  and  tilted  strata 
exposed  in  the  gorges  of  the  Fire  mountains  workable  coal  is  exposed. 
It  is  probably  of  Cretaceous  age,  but  this  is  not  certain.  The  section,  as 
seen  in  the  Lemjin  gorge,  a  few  miles  north  of  Lukchun,  is  as  follows : 

(10)  A  great  thickneBS  of  flne-Rniined.  sandy,  red  silt  or  Rhale,  full  of 
leuses,  mud  cracks,  and  other  sljfiis  of  siibaerial  origiu  (see  plate 3r», 
figure  1.  and  plate  39.  figure  1 ). 

(J))  Transitional  beds,  showing  a  gradual  cliauge  from  the  underlying  pure 
green  shales  to  the  overlying  sandy  red  shales.  The  transitional 
iieds  consist  of  an  intimate  mixture  of  layers  of  red  and  green  and 
purple  of  all  thicknesses  from  iin  inch  to  5  or  10  feet.  At  the  bot- 
tom, green  beds  predominate,  and  at  the  top,  red. 

(8)     Several  hundred  feet  of  green  shale. 

(7)     Thin  coal  seams. 

(6)     30  feet  of  green  shale. 

(5)  20  feet  of  coal  measures,  with  seams  of  bituminous  coal  from  1  to  8 
inches  thick,  some  of  which  are  worked.  The  rest  of  the  20  feet 
consists  of  carbonaceous  shales  and  of  thin  partings  of  iron  ore. 

(4)     100  to  200  feet  of  green  shr.le. 

(3)     A  workable  laj*er  of  coal. 

(2)     Soft  whitish  shales. 

(1)     Yellowish  green  shales. 
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It  will  readily  be  seen  that  the  essential  features  of  the  Mesozoic  coal 
measures  are  similar  to  those  of  the  Quaternary  vegetal  layers  found 
among  the  lake  deposits.  The  Mesozoic  coal  appears  to  have  been  depos- 
ited in  swamps  resembling  those  in  which  the  lignite  of  recent  times  was 
deposited.  The  ancient  swamps  were  probably  like  the  muddy  plain  of 
today,  except  that  water  was  more  abundant  and  vegetation  more  luxu- 
riant. The  green  shales,  in  the  midst  of  which  the  coal  measures  lie, 
were  evidently  deposited  in  a  large  body  of  standing  water,  either  the 
sea  or  a  lake.  No  fossils  have  been  found  by  which  the  nature  of  the 
body  of  water  can  be  determined.  The  very  fact,  however,  of  the  absence 
or  rarity  of  fossils  in  shales  so  well  adapted  to  their  preservation  argues 
against  marine  conditions.  Continental  conditions  certainly  prevailed 
immediately  before  the  deposition  of  the  main  body  of  green  shales  of 
formation  number  8,  as  the  vegetal  character  of  the  coal  measures  proves. 
They  also  prevailed  immediately  after  the  deposition  of  the  green  shales, 
for  the  latter  pass  by  gradual  and  almost  imperceptible  stages  into  the 
typical  subaerial  strata  of  the  formation  numbered  10,  full  of  thin  lenses, 
mud-cracks,  ripple-marks,  and  other  signs  of  deposition  in  very  shallow 
water,  which  covered  the  country'  at  certain  seasons  only,  leaving  it  dry 
the  rest  of  the  time  (plate  36,  figure  1,  and  plate  39,  figure  1).  In  view 
of  these  facts,  it  is  not  improbable  that  the  green  shales  of  Turfan  were 
deposited  in  a  large  lake.  If  this  is  so,  they,  together  with  the  inter- 
bedded  layers  of  coal,  probably  preserve  the  record  of  a  strophe  during 
which  the  lake  contracted  during  thesial  epochs,  permitting  the  growth 
of  vegetation.  Similarly  the  alternating  red  and  green  strata  at  the  top 
of  the  green  shales  suggest  a  strophic  period  at  the  end  of  which  there  had 
been  such  a  change  in  the  continental  form  of  central  Asia  or  in  the 
climate  that  the  lake  of  earlier  times  disappeared. 

Characteristics  and  Origin  of  Red  Strata 
1.  features  indicatixg  subaerial  origin 

Red  beds  have  been  spoken  of  above  as  indicating  aridity  and  as  indi- 
cating subaerial  conditions  of  deposition.  It  is  not  meant  by  this  to 
imply  that  there  are  no  red  beds  which  are  of  marine  origin  or  which 
were  deposited  under  humid  conditions.  It  appears  probable,  however, 
that  red  beds  of  the  kind  here  described  are  subaerial,  and  that  the  color 
indicates  aridity  during  at  least  part  of  the  year.  Although  reasons  for 
this  view  have  already  been  given,  it  seems  advisable  to  restate  them  more 
fully.  Many  red  strata  are  characterized  by  frequent  changes  of  text- 
ure or  structure.     Such  has  been  the  case  wherever  I  have  examined 
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them  in  the  United  States^  Persia,  Russian  Turkestun,  and  Chinese 
Turkestan,  and  they  are  so  described  in  many  other  places.  In  typical 
cases  layers  of  fine  sand  alternate  with  those  of  silt  or  clay;  most  of  the 
layers  die  out  if  followed  far ;  many  can  be  seen  at  a  glance  to  be  lenticu- 
lar; lenses  of  relatively  coarse  material  often  interrupt  finer  beds,  and 
everywhere  there  is  lack  of  uniformity  in  minor  details,  although  the 
formations  as  a  whole  may  appear  massive  and  homogeneous.  All  these 
features,  as  Davis  has  shown  in  his  papers  on  the  Tertiary  deposits  of 
the  western  United  States,  indicate  that  the  strata  were  deposited 
under  very  changeable  conditions  highly  inconsistent  with  a  marine  or 
lacustrine  origin,  but  eminently  consistent  with  a  subaerial  origin.  Vary- 
ing deposits  of  this  sort  may  perhaps  be  laid  down  in  the  littoral  zone  of 
estuaries ;  but  such  a  supposition  is  out  of  the  question  in  the  cases  imder 
consideration,  because  of  the  vast  extent  of  the  red  deposits  and  because 
they  are  not  found  to  m^rge  into  marine  deposits.  The  red  strata  of 
central  Asia  appear  to  extend  over  an  area  1,000  miles  long  from  east  to 
west. 

Other  evidences  of  subaerial  origin  are  found  in  common  features  such 
as  mud-cracks,  ripple-marks,  rain-drop  prints,  and  the  tracks  of  terres- 
trial animals.  These  indicate  that  the  regions  of  deposition  were  flooded 
at  intervals,  but  were  exposed  to  the  air  a  large  part  of  the  time.  Bar- 
rell*  has  shown  conclusively  that  only  a  small  fraction  of  such  markings 
can  have  been  formed  upon  tidal  flats ;  the  great  majority  must  have  been 
formed  in  deltas,  playas,  and  flood-plains,  chiefly  in  arid  regions. 

2.  FEATURES  INDICATIXG  ORIGIN  UNDER  ARID   CONDITIONS 

Having  concluded  from  the  features  mentioned  above  that  many  red 
strata  are  subaerial  in  origin,  we  must  inquire  into  the  evidence  as  to  the 
kind  of  climate  which  prevailed  at  the  time  of  their  formation.  It  is  well 
known  that  in  the  world  today  subaerial  deposition  is  in  progress  chiefly 
in  arid  regions,  and  therefore,  on  general  principles,  subaerial  strata  of 
former  times,  whether  red  or  of  some  other  color,  are  likely  to  have  been 
formed  in  arid  regions.  The  red  beds,  however,  contain  direct  evidences 
of  aridity.  One  of  the  commonest  and  most  universally  recognized  is 
intercalated  beds  of  gypsum,  indicating  shallow,  saline  lakes.  Another 
is  eolian  cross-bedding  of  a  type  which  can  not,  apparently,  be  produced 
by  water.  Its  chief  characteristics  are  the  comparative  uniformity  in  size 
of  the  sand-grains  in  which  it  is  found,  the  frequent  tangency  of  the 
individual  beds  to  the  floor  on  which  they  lie,  and  the  large  scale  of  the 


*  Joseph  Barrel! :  Relative  geological  Importance  of  continental,  littoral,  and  marine 
aedimentation.     Journal  of  Geology,  yoL  xiv,  1906. 
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not  clothed  with  scraggly  bushes,  and  their  dunes  are  not  mere  little 
heaps  of  sand  5  or  10  feet  high.  In  the  Takla-makan  desert  one  can 
travel  scores  of  miles  without  encountering  the  slightest  trace  of  vegeta- 
tion, either  dead  or  living.  One  travels  there  day  after  day  over  dunes 
from  100  to  200  feet  high,  and  occasionally  over  dunes  which  rose  to 
heights  of  400  and  even  500  or  600  feet,  veritable  mountains  of  sand. 
To  climb  over  a  single  one,  about  400  feet  high,  took  the  camels  of  my 
caravan  nearly  two  hours.  The  Transcaspian  desert  is  less  rigorous  than 
the  Takla-makan,  but  nevertheless  it  is  a  genuine  desert. 

Along  the  edges  of  both  deserts  there  are  vast  piedmont  slopes  of 
gravel,  sand,  and  silt  washed  down  from  the  mountains.  These  are  con- 
stantly being  built  up  by  the  deposits  of  streams  and  as  constantly  worked 
over  bv  the  wind.  The  finer  materials  are  wafted  awav  as  dust,  to  be  d&- 
posited  upon  the  uplands  in  the  form  of  loess,  while  the  sand  is  heaped 
into  dunes.  Near  the  edg(«  of  the  deserts  the  sand  is  usually  white,  yel- 
low, or  pale  gray,  like  that  of  ordinary  beaches.  Farther  out,  however,  as 
one  gets  away  from  the  regions  of  recent  deposition,  it  changes  gradually 
to  a  distinct  pink  color.  1  saw  this  transition  many  times,  especially  in 
the  Takla-makan  desert.  It  is  so  common  a  feature  that  among  the  natives 
the  term  "kuzzil  kum,"  or  ''red  sand,"  is  used  to  denote  the  real  desert, 
the  region  of  great  dunes  and  of  no  water  or  plants.  More  than  once, 
when  I  asked  about  traveling  in  a  certain  direction,  I  was  told,  "You 
can't  go  there.  It's  red  sand.'^  The  pink  sand  of  the  central  parts  of 
the  desert  appears  to  be  of  precisely  the  same  origin  as  the  yellow  sand  of 
the  edges.  The  only  difference  is  that  it  is  of  finer  texture,  and  that  its 
oxidized  iron  has  been  dehydrated,  thus  changing  its  color.  The  cause  of 
the  redness  of  hundreds  of  miles  of  sand  in  the  Takla-makan  and  Trans- 
caspian deserts,  and  also  in  Arabia,  where  similar  conditions  are  reported, 
is  apparently  the  aridity  of  climate,  which  allows  the  sand  to  be  long 
exposed  to  the  air  without  the  presence  of  plants. 

In  view  of  all  the  facts,  it  seems  highly  probable  that  many  of  the 
great  non-fossiliferous  red  deposits  of  the  earth  which  do  not  contain 
marine  fossils  have  originated  under  subaerial  conditions,  where  the  cli- 
mate was  very  dry,  at  least  during  certain  seasons. 

Summary  of  Coxclusions  as  to  the  Pleistocene  climatic  Strophe 

In  the  study  of  the  Pleistocene  climatic  strophe  as  a  whole,  it  appears 
that  the  investigation  of  glacial  phenomena  can  best  be  supplemented  by 
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OH  itfttiry  into  the  pheaomena  of  arid  regions.  In  such  t^ohb  the 
ibxHBt  olmouB  features  due  to  change  of  climate  are  lacustrine  strands. 
These  are  well  marked  in  the  three  basins  of  Seyistan,  Lop^  and  Turf  an^ 
and  also  in  other  basins  of  central  Asia  not  here  discussed.  They  do  not 
differ  essentially  from  the  classic  examples  of  lakes  Bonneville  and  La- 
hontan.  Where  best  developed,  in  the  Lop-Nor  region,  they  number  five 
tnain  stralids  and  a  sixth  minor  one.  Between  the  glaciers  of  the  upper 
parts  of  the  streams  and  the  lakes  at  the  bther  extremity,  the  river  valleys 
of  central  Asia  are  characterized  by  terraces,  apparently  of  climatic 
origin,  which  agree  in  number  and  size  with  the  moraines  at  one  end  and 
the  strands  at  the  other.  The  terraces  are  of  high  importance  because, 
if  they  have  been  rightly  interpreted,  they  preserve  a  record  of  the 
changes  of  the  Pleistocene  strophe  not  only  in  central  Asia,  but  in  other 
arid  regions,  such  as  northern  India,  the  Deccan,  and  the  basin  region  of 
the  United  Stfittes.  Both  terraces  and  strands,  important  as  they  are, 
suffer  from  the  same  limitations  as  do  moraines.  They  afford  an  in- 
eomplete  record,  because  the  work  of  less  severe  epochs  is  liable  to  efface- 
ment  during  later  epochs  of  greater  severity. 

The  records  of  climatic  change  preserved  in  the  alternating  lacustrine 
lend  Bubaerial  deposits  of  the  bottoms  of  inclosed  basins  suffer  from  no 
sueh  limitations ;  they  are  complete ;  hence  their  great  importance  in  the 
few  places  where  they  are  exposed.  A  study  of  the  three  basins  of  Seyis- 
tan.  Lop,  and  Turfan  shows  that  the  depositional  records  of  a  climatic 
strophe  in  the  bottoms  of  basins  comprise  at  least  two  main  types  of 
alternating  strata.  The  first  consists  on  the  one  hand  of  greenish  or 
light  colored  layers  of  lacustrine  origin,  and  on  the  other  of  reddish  sub- 
aerial  layers,  the  color  of  which  indicates  that  they  were  deposited  under 
conditions  of  great  aridity.  The  second  consists  of  lacustrine  layers 
afteniating  with  subaerial  vegetal  layers,  which  indicate  the  presence  of 
SWa:mp8  at  times  when  the  lake  contracted.'^  Both  types  of  strata  show 
that  in  central  Asia  the  Glacial  period  was  a  time  of  oscillations  between 
epochs  of  abundant  water  supply  and  those  of  aridity,  during  which  the 
water  supply  was  as  small  or  smaller  than  at  present.  This  would  nat- 
urally be  expected  from  what  has  been  learned  of  the  Qlacial  period  in 
other  parts  of  the  world.  A  more  unexpected  result  is  found  in  the  evi- 
dence of  the  three  basins  as  to  the  length  and  complexity  of  the  Pleisto- 
cene strophe.  It  appears  that,  in  central  Asia  at  least,  the  strophe  con- 
sisted of  a  large  number  of  cycles,  part  of  which  preceded  those  known 
elsewhere  as  the  Glacial  period.    Apparently  the  entire  strophe  consisted 

•A  third  type  of  formation  Indicatlye  of  climatic  change  ought  to  be  mentioned, 
namely,  alternating  strata  of  gravel  and  of  finer  materials.  It  has  been  so  little  studied 
tttkt  ft  Is  omitted  abDVe. 
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of  a  considerable  nuiuber  of  cycles  of  increasing  severity  or  length,  tazid- 
ing  toward  a  maximum^  after  which  there  ensued  the  well  known  series 
of  cycles  of  decreasing  severity. 

COMPABIBOK  OP  THE  PLEISTOCENE  AND  PeRMIAN  StBOPHES 

The  Pleistocene  is  not  the  only  strophic  period  recorded  in  geology. 
The  most  widely  known  of  the  others  is  that  which  occurred  at  the  end 
of  the  Carboniferous  or  beginning  of  the  Permian.  This  period,  to  quote 
Chamberlin/  was  marked  by  a  ^'glaciation  the  deposits  of  which  aggre- 
gate a  greater  thickness  than  those  of  Pleistocene  times,  and  whose  oscil- 
lations, marked  by  accumulations  of  coal,  were  even  more  remarkable 
than  those  of  the  Pleistocene  glaciation."  In  addition  to  glacial  beds, 
there  appear  to  be,  as  has  been  said  above,  at  least  two  other  great  types  of 
strophic  deposits,  namely,  alternating  vegetal  and  non-vegetal  strata,  and 
alternating  layers  of  red  subaerial  strata  and  of  green  or  white  lacustrine 
strata.  If  deposits  of  all  three  types  were  produced  during  the  Pleisto- 
cene strophe,  it  is  highly  probable  that  they  were  also  produced  during 
the  greater  Permo-Carboniferous  strophe.  Deposits  of  the  first  two 
types,  glacial  and  vegetal,  are  already  well  known  from  the  Permian  or 
Carboniferous  beds  of  India,  Australia,  and  South  Africa.  It  is  probable 
that  further  study  will  disclose  one  or  the  other  in  various  parts  of  the 
world. 

Inasmuch  as  the  third  type,  alternating  red  and  green  strata,  has  hith- 
erto not  been  recognized  as  indicative  of  strophic  conditions,  attention 
has  naturally  not  been  called  to  it  in  connection  with  the  Permian. 

Possible  climatic  Significance  op  the  Red  and  White  Moencopie 

Shales  op  Utah 

In  the  desert  county  north  of  the  Colorado  canyon,  in  northern  Arizona 
and  southern  Utah,  the  Aubrey  limestone,  a  formation  well  established  as 
of  Carboniferous  age,  is  capped  by  about  1,000  feet  of  variegated  shales 
and  sandstone,  chiefly  red,  as  shown  in  the  accompanying  sections  (figures 
16  and  16,t  and  plate  39,  figure  2).  These  Moencopie  strata  contain  no 
fossils,  so  far  as  is  known,  except  at  the  base  in  the  transitional  beds 
overlying  the  Aubrey.  They  have  been  called  Permian  because  of  their 
stratigraphic  position.  It  has  generally  been  assumed  that  they  are  of 
marine  origin,  but  there  is  no  proof  of  this.  In  describing  them  in  a 
paper  on  the  "Hurricane  Fault,"  f  Professor  J.  W.  Qoldthwait  and  the 

*  T.  C.  Chamberlln :  An  attempt  to  frame  a  working  hypothesis  of  the  cause  of  Gladal 
periods  on  an  atmospheric  basis.     Journal  of  Geology,  toI.  yii,  1899. 

t  Bulletin  of  the  Museum  of  Comparative  ZoOlogy  at  Harvard  College,  Geological 
series,  vol.  vi,  no.  6,  1904. 

t  Note  to  figures  15  and  16. — The  sections  shown  Ib  these  figures  are  not  exact  In  details 
beyond  what  is  shown  by  the  printed  list  of  formations.  At  the  time  when  the  sBftlonii 
were  studied  their  importance  was  not  realised. 
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i\  ur  coDtlD^Dtal  Ktrnta  nt  Ihr  Kirp  ninimlnlan  In  the  Tiiyok  valU;  Ot 
rlnu  lenlkiilnr  white  Ln.vrrs  of  Khalf  and  k>'|»*"™  <n  thp  mldit  of  r«d 
■  Ipfl.  and  thJfkcr  lajpr^  uf  while  or  [mlf  grero  Khale.  alternating  with 


l''iiii-nK  ;;,— An  KsAiri'i.E  kboji  the  Tmtkii  States 

red  and  whllp  Mocnrnnlp  Khnks  rHinied  with  Shlnnnimn  pn 
s'liiIliiTD  I'tBli.      l-hntni-rapb  l>y  W.  M.  IiavlH 

hed  *no  white  continental  oepobits 
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writer  came  to  the  conclusion  ■->  -n-  —  « <->» 

that    "the    Moencopie    series 

was  probably  laid  down  in  a  **•  '—-''•■* «— •-»  ~.i— ™i.  ••*  u*i« 

ehalloT  sea  where  estnarine  -       -»rtr-™.i-™, 

conditions  may  possibly  have 
prevailed,  as  is  indicated  by 

the     intercalated    layere    of  ^^^  iw-rft-M.!.  ^.i,  ^  ...m., 

gypBum  and  the  almost  total 
lack  of  foeeile  in  Btrata  ad- 
mirably    adapted     to     their 

preservation    had    they    ex-  »•  <-.-ii-*  i™™™  ™. —*.— 

isted."  The  eetuarine  origin 
is  extremely  doubtful,  how- 
ever. It  is  probably  incon- 
sistent with  the  red  color  and 

with   the   DumeroUB  changes  "*""  "lliViSS.'SiiC'JlS'iSJKli'ii;*''* " 

in  the  character  of  the  strata. 
The  beds  as  a  whole  present 
a  large  number  of  the  feat- 
ures which  have  been  de- 
scribed above  as  characteristic 
of     Bubaerial     deposits    laid 

down  under  arid  conditions.  ■it*M-.™-.i«rtjjrt««uj_ij*..in.« 

They  are  capped  by  the  Shin- 
arump  conglomerate,  the  fos- 
sil trees  of  which  prove  it  to  «hinS™rtJ'ltajr"'*"' 
be  of  subaerial  origin.     The                    t  S:lr2Zt.tli™  «•»  •»»>•  mw. 
middle  part  of  the  Moencopie                    '^  ^^^^  "*  "^ 
shales    consists    of    a    large  "  '■•-■« «««.  ■«  ■» 
number    of    alternating    red 
and   white   layers.    The   red 

portions  appear  to  be  of  sub-  "*  """^aTiS'fcjKi  RU'tST  *'"""*' 

aerial  origin,  to  judge  from 
their  color  and  from  the  fre- 
quent changes  of  texture  to  »  ■..  m.  n.r  nu  HLnumt  .m.. 
which  they  are  subject.    The  ,« u^^am, »»_»..,.  fc^^^™ 
white   appear   to   have   been                    lo  ««-<•»«, —.iuii-~-.»i.~j.t«» 
deposited  in  standinii:  water. 

T*  iL          J         J       u-T  FjorSE    15.— BerHon    of   Ibe   ifomcopie   Shale*   tit 

If  the  red  and  white  layers  Dry  Crttt,  near  Ta^uervUle,  BovlHem  Utah. 

respectively      originated     sub-  The   scale   of    this   figure   and    tbe   neit   U  one- 

.    „                ,       -                     „L    i  (ourtb   that  of   Ogurea   3-10   and   12-13.      3c«l« :    1 

aenally     and    in    somewhat  |^^„  ^  ^^  (^^^ 
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ri       n  iiBii  iwk  M  _M«r  penoanent  bodies  ot  standr 

ing  water,  two  hypotheMs 
preeent  themfielTes :  Either 
the  white  layen  indicate 
sacceeeive  hiief  enoioaeh- 
ments  of  the  sea,  or  they 
""^  ""^^SH*! J'%5l!li'iJ'"Wi!SS»"  "5  preserre  the  record  of  a 
atrophic  period  during 
which  pariz  of  the  floor  of 
an  inclosed  basin  were 
alternately  exposed  to  the 
air  and  covered  by  the 
waters  of  a  lake.  Aocwd- 
I  iM-«M  ..umLiiii « 1-1 J  -•-"  •»•—  •*•  ing  to  the  first  8uppo8iti<n, 
the  land  mored  goitiy  up 
and  down  time  after  time, 
or,  more  probably,  sank  by 
steps.  At  first  a  given 
M  u-uu-n-  ■«-«*«.-*  •»*  .UK  -  •»,  I"**  **fl  above  sealevel  and 

STiSK—  "*"•""*  yfg^  covered  with  red  de- 

posits; then,  perhaps  be- 
cause it  had  become  loaded 
with  sediment,  it  sank 
slightly  below  the  sea, 
■^  !lill!^nmni!»  ~*i  lu  Deposition  still  proceeded, 

•  M.-i~« -■•niiT  though   now   the  deposits 

«  HM-wi  MH>  tw  •ui  ^gjg  jjf  ^  light  color.     At 

» ;;;;-^|;^^__;p;^3^|';^;j'  length  they  accumulated  so 

that  their  top  reached  the 
surface  of  the  sea ;  there- 
upon the  deposits  became 
■M  M.-M  »« >»•■  red,  and  so  continned  until 

the  land  sank  again,  and 
the  process  was  repeated. 
This  hypothesis,  postn- 
i**i«-vBjjM^j^-.«^*.j~^_r»- -«         lating,  as  it  does,  that  the 
K  fcH-CM »»™~  '^'^^"  ."w-^j-mi.  j^jj^    ^^jjI^    ]^y    steps,    is 

F.GCR.  16— Berfio"  o/  »».«  Mo«-copi<  sh.fr.  -«.r  generally  accepted   in  ra- 
Pirirtn  CTtir,  ufoft.  plansUon   of  the  aJtema- 

Vlrdn  City  1b  ne.r  Ihe  we«eni  end  of  tbr  southeni    ^1^^  between  COsl  meaSUleS 
border  of  UtBh.  12  nilte>  Boutb  of  tb»  localltj  repre- 
woUNi  In  figure  15.    Scale;  1  iiicb  =  ieo  feet.  and  barren  measures.     Aa 
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i|{ip]ie4  t&  the  McMiieopie  shales,  it  inyolves  the  following  assumptionB: 
I^t,  tiie  sea  must  have  been  almost  tidelees,  for  there  is  no  evidence  of 
the  evosieiL  whi(^  tiie  rise  and  fall  of  the  tides  would  occasion;  second, 
th»  sea  Bnet  he»e  been  almost  devoid  of  life ;  third,  there  must  have  been 
a  reinazkable  series  of  earth-<movements,  whereby  at  subequal  intervals 
the  land  ms  again  and  again  depressed,  so  that  the  surface  time  after 
time  aisod  at  piraetiealiy  the  same  depth  below  sealevel. 

TIm  fisBk  tva  aseiKraptionB  present  no  special  diflSculties,  although  to- 
dsf^j  ve  kaonv  ol  no  tidelesa,  lifeless  sea  of  the  kind  demanded.  The  third 
assumption  presents  greater,  although  not  insuperable,  diflSculties.  It  de- 
mands that  a  large  number  of  downward  movements  of  the  earth's  crust 
should  have  been  of  such  dimensions  that  each  one  depressed  the  whole 
of  an  area  of  hundreds  of  square  miles  to  essentially  the  same  depth  of 
a  few  feet  below  sealevel;  that  is,  the  successive  movements  always  car- 
ried the  surface  down  just  far  enough  to  let  it  be  covered  by  the  sea,  but 
never  far  enough  to  let  it  be  submerged  more  than  a  score  or  two  of  feet. 
For  some  reason,  the  level  of  the  sea  determined  the  amount  of  movement 
of  the  earth's  crust,  although  there  seems  to  be  no  good  reason  for  the 
existence  of  any  such  relation. 

The  hypothesis  that  the  alternating  red  and  white  strata  preserve  the 
record  of  a  strophic  period  during  which  a  lake  alternately  contracted 
and  expanded  presents  no  such  difSculties.  The  Moencopie  shales  closely 
resemble  the  Seyistan  clays,  and  the  two  may  represent  corresponding 
phases  of  the  Permian  and  Pleistocene  strophes.  If  this  is  so,  the  Moen- 
copie land  on  its  emergence  from  the  Carboniferous  sea  must  have  been 
warped  into  a  flat-floored  basin.  At  first  subaerial  deposition  appar- 
ently prevailed,  but  later,  on  the  advent  of  the  changeable  conditions 
of  a  strophe,  lacustrine  conditions  prevailed  during  arsial  epochs,  and  the 
basin  floor  was  exposed  to  subaerial  deposition  only  during  thesial 
epochs. 

America  is  not  the  only  part  of  the  world  where  alternating  red 
and  white  strata  of  Permian  age  are  found.  In  Arabia,  Palestine,  Sinai, 
and  Nubia  there  is  a  thick  body  of  non-fossiliferous  strata,  chiefly  com- 
posed of  red  sandstone.  This  "desert  sandstone,''  as  it  is  called,  lies 
conformably  between  a  thin  bed  of  limestone  containing  Productus  and 
other  Carboniferous  fossils  and  a  thick  limestone  full  of  Cretaceous 
fossils.  Its  lower  portion,  which  occupies  the  stratigraphic  position  of 
the  Permian,  is  said  by  Lartet  to  contain  layers  of  shale  and  marl.  Hull 
says  that  near  mount  Sinai  "the  lower  beds  are  generally  white,  suc- 
ceeded by  red,  and  these  by  yellowish  strata.  .  .  .  Language  almost  fails 
Ui  convey  to  the  reader  an  idea  of  the  effect  produced  [at  Petra]  by  the 
alternations  of  yellow,  orange,  red,  and  purple  tints,  of  varying  depths. 
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and  arranged  in  parallel  bands/'*  The  upper  beds  are  '^dark  red,  purple, 
and  brown.''  Judging  from  the  somewhat  meager  descriptions,  the 
lower  part  of  the  '^desert  sandstone"  closely  resembles  the  Moencopie 
formation.  It  seems  not  improbable  that  both  sets  of  strata  were  depos- 
ited under  the  changing  climatic  conditions  of  the  Permian  strophe,  and 
that  both  owe  their  peculiar  character  to  the  fact  that  they  were  formed 
in  large  desert  basins  of  the  same  type  as  those  of  Lop  and  Seyistan.  If 
this  interpretation  shall  prove  correct,  it  may  be  found  that  the  records 
of  the  Permian  strophe  are  as  complete  and  as  remarkable  to  the  north 
of  the  equator  as  to  the  south. 

*  Edward  Hall :  Moant  Selr,  Stnai,  and  western  Palestine,  pp.  53-54. 
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Introduction 


For  the  purpose  of  this  article  the  continent  of  North  America  may  be 
described  as  that  portion  of  the  lithosphere  which  lies  between  the  Atlan- 
tic, Arctic,  and  Pacific  oceans  or  between  their  suboceanic  masses.  Its 
area  is  that  of  the  continental  platform.  Its  depth  may  be  taken  at  ap- 
proximately 100  miles,  the  probable  average  limiting  depth  of  the  zone 
of  isostatic  adjustment  according  to  Hayford.t 

This  continental  mass  is  of  large  dimensions  and  exhibits  at  its  sur- 
face such  variety  of  terranes  and  such  diversity  of  geologic  effects  as  to 
indicate  beyond  any  reasonable  doubt  a  heterogeneous  constitution.  Con- 
trast the  Canadian  highlands  with  the  Mississippi  embayment,  the 
Atlantic  coastal  plain  with  the  Pacific  Coast  ranges,  the  New  England 
metamorphic  province  with  the  Allegheny  plateaus,  the  volcanic  belt  of 
the  Cordillera  with  the  non-volcanic  regions  of  the  East. 


*lii  reading  this  article  it  is  desirable  to  consult  the  geologic  map  of  North  America 
Issued  for  the  Geologic  Congress  at  Mexico,  1006. 
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Heterogeneity  may  be  a  condition  inherent  to  some  extent  in  original 
constitution,  the  term  original  being  used  to  describe  a  constitution  which 
has  characterized  the  continent  since  a  time  at  least  as  remote  as  any  of 
which  the  rocks  afford  a  record;  and  heterogeneity  may  also  be  an  effect 
of  terrestrial  forces  acting,  as  by  intrusion,  to  modify  the  original 
structure. 

To  discuss  a  possible  original  structure  and  to  define  some  of  the  con- 
ditions which  have  affected  modifying  forces  are  among  the  purposes  of 
this  paper.  In  order  that  the  argimient  may  be  followed  more  readily, 
the  hypothesis  which  has  resulted  from  the  investigation  is  here  briefly 
stated. 

Hypothesis  of  continental  Structure 

1.  It  is  postulated  that  the  continental  mass  which  we  call  North 
America  is  heterogeneous,  and  that  the  unlike  parts  of  it  are  of  notable 
size,  varying  from  a  few  hundred  square  miles  in  superficial  area  to  sub- 
continental dimensions.  These  parts  are  referred  to  as  elements  of  the 
continent,  or  continental  elements. 

2.  The  distinction  between  the  continental  elements  is  based  upon  their 
behavior  during  vertical  movements,  it  being  held  to  be  demonstrable  on 
the  evidence  of  erosion  or  sedimentation  that  certain  masses  have  shown 
a  tendency  to  rise,  whereas  others  have  shown  a  like  tendency  to  subside. 
The  boundaries  of  the  elements  are  accordingly  indicated  where  condi- 
tions of  general  denudation  pass  into  conditions  of  long-continued  aggra- 
dation, either  subaerial  or  submarine. 

It  follows  that  those  continental  elements  which  have  tended  to  rise 
are  recognized  by  the  unconformities  or  absence  of  sediments  resulting 
from  conditions  of  erosion,  whereas  those  elements  that  have  tended  to 
sink  are  recognized  by  the  accumulation  of  sediments  upon  them. 

According  to  their  diverse  tendencies  with  reference  to  relative  vertical 
movement,  the  two  types  of  elements  may  be  distinguished  as  positive  or 
negative.  Those  which  have  sliown  a  decided  tendency  to  rise  are  desig- 
nated positive  elements,  and  those  which  have  tended  to  sink  are  termed 
negative  elements. 

3.  It  is  observed  that  uplands  of  erosion  and  lowlands  of  aggradation 
are  commonly  joined  by  a  raonoclinal  flexure,  which  in  some  places  in- 
volves a  normal  fault.  When  the  region  is  altogether  under  subaerial  con- 
ditions the  flexure  constitutes  a  warped  surface,  which  is  a  mountain 
slope.  Such  is  the  descent  from  the  Blue  ridge  of  Virginia  to  the  Atlan- 
tic coastal  plain.  Or,  when  the  sunken  region  is  so  situated  as  to  become 
an  arm  of  the  sea,  the  flexure  is  the  locus  of  a  coastline  and  the  depressed 
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area  becomes  a  basin  of  marine  sedimentation.     Such  was  the  coastline  of 
the  Paleozoic  mediterranean  in  the  Appalachian  province. 

4.  It  is  deemed  probable  that  the  continental  elements  differ  in  density 
among  themselves  and  also  in  comparison  with  the  suboceanic  masses,  this 
difference  being  an  original  character  in  the  sense  that  it  has  distin- 
guished the  individual  masses  as  far  back  in  geologic  history  as  the  record 
of  erosion  and  sedimentation  is  intelligible,  and  probably  much  farther 
back. 

5.  There  have  been  horizontal  movements  as  well  as  movements  in  a 
vertical  direction.  The  horizontal  displacements  are  of  notable  magni- 
tude, and  their  effects  are  seen  in  the  schistose  structure  of  the  once  deep- 
seated  rocks  and  in  the  overthrust  and  folded  structures  of  the  more 
superficial  strata. 

6.  An  effect  of  horizontal  movements  has  been  to  crowd  the  continental 
elements  together,  and  consequently  to  ca\ise  a  certain  amount  of  mashing 
in  their  deeper-seated  portions.  Just  how  the  shortening  may  be  distrib- 
uted below  the  superficial  crust  which  we  can  observe,  we  do  not  know; 
but  from  the  universal  occurrence  of  schistosity  in  rocks  exposed  by  pro- 
found erosion,  it  seems  probable  that  the  compression  is  not  far  from 
uniform.  On  the  other  hand,  at  the  surface  there  are  diversities  of 
structure  and  attitude  which  have  served  to  concentrate  the  effects  of 
horizontal  displacement  in  certain  zones,  namely,  in  zones  where  sedi- 
mentary rocks  had  accumulated  to  considerable  thickness. 

7.  The  concentration  of  the  effects  of  horizontal  thrust  in  zones  of 
sedimentary  rocks  is  due  to:  (a)  stratification,  which  determines  the 
arrangement  of  material  in  extended  sheets  that  are  capable  of  moving 
over  one  another,  and  consequently  of  folding  with  comparative  ease; 
(b)  the  deflection  of  the  strata  from  a  strictly  flat  attitude  in  such  man- 
ner that  initial  lines  of  flexure  are  established,  on  which  primary  anti- 
clines and  synclines  are  later  developed.*  This  initial  deflection  results 
from  unequal  subsidence  during  the  process  of  deposition. 

8.  Recalling  that  coastlines  are  established  along  the  monoclinal  flex- 
ure which  joins  a  rising  with  a  sinking  continental  element,  and  that 
sediments  accumulate  to  greatest  thicknesses  usually  in  a  zone  parallel  to 
the  coast,  we  see  that  zones  of  folding  are  commonly  coastal  zones.  Since 
progressive  subsidence  results  in  the  development  of  initial  dips  in  lines 
essentially  parallel  to  the  coast,  and  since  initial  dips  determine  the  axial 
directions  of  folds  during  the  next  epoch  of  deformation  by  horizontal 
stress,  it  follows  that  the  axial  directions  of  folds  conform  to  the  general 

•  Mechanics  of  Appalachian  Structure.  Thirteenth  Ann.  Report  U.  S.  Geol.  Sur\'ey, 
pp.  253-25S. 


392        B.  wnxis — a  theory  of  coxnxKXTAL  s«ucmai 


contour  of  the  higher  conunentjl  eLementSw  FnrtbennoTe,  since  these 
elements  are  the  maaees  against  vhicb  the  mata  are  pressed  in  the  process 
of  folding,  they  are  enT€-lo]:«ei  r>y  the  folds  for  that  reason  ai>o. 

Thwf  the  axuil  dir^t^iion^  of  folds,  ike  Leiilinien  of  Suess,  amstiiuie 
criUria  for  th*r  awi  u*ijt  of  <ontin€ntai  structure,  vhifh  are  srarrdy  serond 
in  ifnporian/:€  to  un^^/uformiiies  and  deposiU^ 

9.  There  is  aoonfiant  evidence  in  the  broad  relations  of  structure  of 
North  America,  Asia,  acd  Europe  to  prove  that  the  tangOQtial  pres- 
sures exerted  upon  the  continents  proceed  from  the  denser  submarine 
masses.  The  theory  here  presented  is  that  these  pressures  are  due  to 
what  may  be  calK-d  fuboffanic  spread — that  is,  to  the  e.vpansion  of  suIh 
oceanie  masst^,  say^  liKj  miles  deep,  at  the  expeni^e  uf  subcontinental 
masses,  in  consequence  of  the  elEciency  of  stress  due  to  greater  density 
to  direct  movements  occasioned  primarily  by  moleeidar  or  mass  changes 
under  var}  ing  conditions  of  temperature  and  pressure.  The  general  result 
is  plastic*  flow  in  rigid  and  solid  nx-k  mas&es.  It  is  further  held  that  in 
the  great  guboc-eanic  regions  such  flow  is  a  persistent  condition,  to  which 
we  may  ascrilje  those  accumulated  stresses  that  have  sufficed  to  produce 
the  occasional  pronoimced  etfects  of  diastrophism.t 

10.  It  is  held  to  be  demonstrable,  on  the  evidence  of  sequences  and 
volumes  of  sediments,  that  the  tendencies  toward  diverse  vertical  dis- 
placement of  the  continental  masses  have  been  effective  in  producing 
niovj'iiK'nt  only  during  relatively  short  epoclis  between  long  intervals. 
Between  the  ei>ocli5  of  active  displacement  the  tendencies  toward 
movement  were  relatively  ineffective.  Hence  we  may  recognize  cycles 
of  diastrophism,  each  one  of  which  comprises  (a)  a  comparatively  brief 
epoch  of  orogenic  and  epeirogenic  activity,  which  results  in  elevated 
lands  and  restricted  mediterraneans,  energetic  erosion  and  voluminous 
terrigenous  sediments,  and  climatic  and  faunal  diversities;  and  (b)  a 
comparatively  long  period  of  continental  stability,  which  results  in  exten- 
sive p<^neplanation,  meager  terrigenous  sediments  and  general  marine 
deposits,  extended  epicontinental  seas,  and  climatic  and  faunal  uni- 
formity. J 

11.  The  critical  times  which  bring  out  continental  structure  are  the 


*A  common  coDootation  of  the  term  plastic,  namely,  soft  or  softened,  is  explicitly  ez- 
chided  her<>.     Plastic  i»  umhI  to  rlpHcribe  the  mode,  not  the  ease,  of  motion. 

tBailey  Willlii :  Research  In  China,  vol.  if.  Systematic  Geology,  chapter  rllL  Pabllca- 
tion  no.  54,  Came^^le  Institution  of  Washington,  1907. 

I  The  e^idf'nce  of  periodicity  in  earth  movements  and  the  effects  of  periodicity  on 
climates  and  faunas  are  hroadly  and  exhaustively  set  forth  In  the  works  of  the  author 
of  the  theory,  T.  C.  Cliamberlin.  See  Chlcaj^o  Journal  of  Geology;  Manual  of  Geoloiey, 
Ctiamberlin  and  Salisbury,  and  Fundamental  Problems  of  Geology,  In  year  ImxAs  and 
publications  of  the  Carnej^e  Institution  of  Washington. 
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epochs  of  diastrophic  activity.  During  the  periods  of  inactivity  the  dis- 
tinctions between  heterogeneous  elements  become  less  obvious  and  may 
become  obscured  by  'extended  peneplanation  and  marine  transgression. 

The  critical  epochs  for  North  America  occurred  at  intervals  during  the 
Proterozoic,  distinguished  only  in  the  Lake  Superior  region;  during  the 
Silurian  and  Devonian ;  at  the  close  of  the  Paleozoic ;  at  the  close  of  the 
Cretaceous,  and  on  the  Pacific  coast  during  the  Jurassic,  late  Tertiary, 
and  Quaternary.  Intervening  among  these  were  the  Cambro-Ordovician, 
the  lower  Carboniferous,  and  the  Cretaceous  transgressions,  which  oc- 
curred during  long  periods  of  quiescence. 

Positive  Elements  of  North  America 

Examination  of  a  geologic  map  of  North  America  shows  that  there  are 
several  areas  characterized  by  the  presence  at  the  surface  of  pre-Cambrian 
rocks  which  exhibit  a  schistose  structure  developed  under  great  pressure, 
probably  at  considerable  depth.  This  fact  indicates  elevation.  The  sub- 
jacent masses  no  doubt  have  at  times  subsided  toward  the  eartVs  center 
along  with  the  continent  as  a  whole ;  they  may  have  been  depressed  rela- 
tively to  adjacent  areas  to  some  extent,  but  the  algebraic  sum  of  vertical 
movements  has  been  upward,  and  has  been  positive  as  compared  with 
other  parts  of  the  continent  and  the  neighboring  ocean  bottoms.  Whether 
they  be  regarded  as  horsts  or  as  protrusions  resulting  from  radial  elonga- 
tion, their  movement  is  positive  and  they  may  fitly  be  called  positive 
elements. 

The  geologic  characteristics  of  a  positive  element  are  deep  denudation, 
an  absence  of  sediments  of  critical  periods,  and  the  corresponding  pro- 
longed duration  of  the  sum  of  unconformities.  Let  us  attempt  to  apply 
these  criteria  to  an  analysis  of  North  America. 

The  Canadian  shield,  the  protaxis  of  Dana,  which  is  also  called  Lau- 
ren tia,  is  at  once  the  largest  and  most  readily  distinguished  positive  ele- 
ment of  the  continent.  Dana  described  it  as  V-shaped,  but  the  shallow 
Hudson  bay,  which  forms  the  V,  is  but  a  small  epicontinental  sea  sub- 
merging a  part  of  the  element.  The  true  boundary  may  be  traced  along 
the  Saint  Lawrence  valley  into  the  deep  of  Baffins  bay,  and  thence  north 
of  the  Arctic  archipelago  (which  is  scarcely  to  be  separated  from  Green- 
land), across  the  Arctic  ocean  and  back  to  the  mouth  of  the  Mackenzie. 
Beneath  the  Cretaceous  of  western  Canada  the  margin  of  the  element  lies 
hidden.  It  ranges  past  lake  Winnipeg  toward  and  around  the  isle  Wis- 
consin, and  thence  follows  the  shore  of  the  Paleozoic  mediterranean  east 
to  the  Adirondacks  and  the  Saint  Lawrence. 
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Throughout  this  vast  area  the  Laurentian  gneisses  or  the  sediments 
into  which  they  were  intruded  constitute  the  larger  part  of  the  surface. 
It  was  submerged  probably  beneath  the  general  Cambro-Ordovician 
transgression  and  certainly  to  a  great  extent  beneath  the  Siluro-Devonian 
seas  which  spread  over  Arctic  lands  (Siberia,  northern  Europe,  and  North 
America),  while  elsewhere  in  the  globe  there  were  notable  phenomena  of 
emergence ;  but  these  submergences  and  that  of  the  Cretaceous  were  rela- 
tively brief  and  scarcely  affect  the  grand  total  of  unconformities,  which 
ranges  from  Laurentian  to  the  present.  The  net  sum  of  relative  depres- 
sions and  elevations  is  positive  by  a  large  amount. 

In  the  eastern  part  of  the  continent  is  the  area  of  ancient  schists  and  in- 
trusives,  whose  relations  have  in  the  last  few  years  been  worked  out  chiefly 
by  Keith.*  They  extend  from  the  Pennsylvania  line  southward  in  a 
widening  area, l)et ween  the  folded  Paleozoies  on  the  west  and  the  metamor- 
phosed Paleozoics  on  the  east.  Their  surface  sinks  beneath  the  Mesozoic 
and  Tertiary  of  the  Atlantic  coastal  plain.  The  role  of  this  area  in  Pale- 
ozoic history  is  well  tmderstood,  in  its  broad  outlines  at  least.  From  the 
beginning  of  the  Ocoee  (pre-Cambrian)  on  through  the  Cambrian  it  was 
an  area  of  pronounced  denudation.  The  Cambro-Ordovician  sea  prob- 
ably swept  over  it  entirely ;  but  from  late  Ordovician  time  it  stood  for  a 
long  period  relatively  high  with  reference  to  the  Paleozoic  mediterranean 
on  the  west.  At  the  close  of  the  Paleozoic  it  became  the  scene  of  decided 
mountain  growth,  and  throughout  the  succeeding  eras  it  has  either  been 
stable  or  has  been  affected  by  a  positive  movement.  The  sum  total  of 
unconformities  for  this,  which  we  may  continue  to  call  Appalachia,  is 
much  the  same  as  for  Laurentia,  although  the  integers  differ. 

One  of  the  most  interesting  speculations  of  American  geology  relates 
to  the  extent  of  Appalachia  during  the  Paleozoic.  On  the  basis  of  Pale- 
ozoic sediments,  it  may  be  credited  with  a  wide  expanse  to  the  southeast 
over  the  area  of  the  Blake  plateau,  but  the  suggestion  is  not  capable  of 
proof. 

We  may  next  turn  to  the  Llano  region  of  Texas.  Here  the  pre- 
Cambrian  rocks  appear  in  consequence  of  relatively  very  recent  upwar|>- 
ing,  surrounded  by  Cambro-Ordovician,  Carboniferous,  and  Cretaceous 
deposits.  The  three  great  transgre<^sions  which  have  affected  the  conti- 
nent submerged  the  region.  For  other  periods  the  record  is  one  of  non- 
sedimentation  or  erosion.  The  sum  of  unconformitv  and  sedimentation 
appears  to  have  a  positive  remainder,  but  the  net  elevation  is  by  no  means 
BO  large  as  in  the  case  of  Laurentia  and  Appalachia.  The  extent  of  this 
rather  neutral  element  is  indefinite.     It  is  bounded  by  the  gulf  of  Mexico 

^Geological  Atlas  of  the  U.  S.,  Roan  Mountain  and  other  folios. 
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on  the  southeast ;  on  the  north  it  probably  extends  to  the  folded  zone  of 
Paleozoics  in  Indian  Territory;*  on  th6  west  it  appears  to  be  separated 
by  the  zone  of  folding  in  central  N^ew  Mexico  from  the  similar  elements 
in  Colorado  and  Arizona. 

Northeastward  from  the  Llano  element  lies  the  Ozark,  which  is  of  a 
similar  neutral,  slightly  positive,  character.  The  sum  of  its  unconform- 
ities comprises  a  pre-Cambrian  period,  the  Siluro-Devonian  in  part,  and 
the  post-Paleozoic.  The  region  lies  midway  between  Isle  Wisconsin  and 
the  Llano  district,  and,  as  was  pointed  out  by  Weller,f  forms  part  of  a 
zone  which  constituted  a  barrier  to  faimal  migration  during  early  De- 
vonian time.  Whether  it  be  regarded  as  a  continuous  belt  of  land  or  as 
an  archipelago  among  shallows  capable  of  separating  ocean  currents,  and 
consequently  of  keeping  faunal  provinces  distinct,  is  not  here  important. 
The  fact  which  bears  on  continental  structure  is  that  a  zone  of  neutral 
character,  with  loci  which  appear  as  slightly  positive  elements,  extends 
from  Wisconsin  to  Texas. 

An  analysis  of  western  North  America  with  reference  to  positive  and 
n^ative  elements  is  complicated  by  the  effects  of  Pacific  thrust.  I  regard 
that  vast  ocean  basin  as  the  source  of  tangential  pressure,  which  has 
stamped  its  bordering  continents  with  a  geologic  history  that  is  peculiar 
to  the  Pacific,  in  contrast  to  the  sequences  of  events  that  are.  specially 
marked  by  movements  that  originated  beneath  the  Atlantic  or  the  Medi- 
terranean-Himalayan zone.J  The  development  of  the  Cordillera  of 
North  America,  comprising  all  the  mountain  chains  west  of  the  Great 
plains  and  involving  folding,  intrusion,  extrusion,  and  warping,  I  regard 
as  a  more  or  less  direct  effect  of  disturbances  originating  beneath  the 
Pacific.  These  effects  are  superimposed  upon  the  positive  or  negative 
movements  of  the  continental  elements  and  greatly  obscure  them.  How- 
ever, the  analysis  may  be  made,  with  appropriate  reservations. 

Colorado,  Wyoming,  and  Arizona  constitute  an  area  in  which  the  pre- 
Cambrian  and  Paleozoic  sequences  of  sediments  are  comparatively  in- 
complete. Except  for  the  Grand  Canyon  section  in  the  extreme  south- 
west, the  pre-Cambrian  consists  largely  of  gneisses  and  schists  which  re- 
semble the  oldest  rocks  of  the  Canadian  protaxis,  together  with  intensely 
metamorphosed  sandstones  and  shales — that  is,  shore  deposits.  These 
rocks  were  deeply  denuded  before  the  invasion  of  the  Upper  Cambrian 


*J.  C.  Branner :  The  former  extension  of  the  Appalachians  across  Mississippi,  Louis- 
iana, and  Texas.     Am.  Jour.  Sci.,  4th  series,  vol.  4,  1807,  p.  368. 

t Chicago  Jour,  of  Geol..  vol.  3,  1805,  p.  005. 

IBalley  WUlis :  Research  in  China,  vol.  ii,  Systematic  Geology.  Publication  no.  64, 
Carnegie  Institution  of  Washington,  1007. 
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sea.*  All  the  middle  Paleozoic  is  wanting  or  is  represented  by  slight  and 
local  sedimentation.  The  general  Carboniferous  transgression  was  fol- 
lowed by  conditions  of  erosion  and  by  deposition  of  contmental  or  littoral 
formations  during  the  Permo-Triassic  and  the  late  Mesozoic.  Tertiary 
history  has  been  largely  one  of  elevation.  Since  the  Carboniferous,  how- 
ever, the  movements  may  be  attributed  in  considerable  degree  to  tan- 
gential compression  rather  than  to  positive  or  negative  vertical  adjust- 
ment. The  sum  of  unconformities  and  the  sum  of  sediments  are  not  bo 
different  for  this  district  of  the  Middle  West  as  to  stamp  it  in  itself 
decidedly  with  a  positive  or  negative  character,  but  when  compared  with 
the  definitely  negative  element  which  bounds  it  on  the  west,  the  Oreat 
Basin  region,  and  considered  with  reference  to  the  folds  of  the  Laramide 
compression,  it  assumes  a  more  distinctly  positive  character. 

For  the  eastern  boundary  of  this  positive  element,  which  we  may  desig- 
nate as  the  Colorado,  we  may  take  the  Front  range  from  Wyoming  south 
to  Santa  Fe.  Thence  the  outline  runs  southwest  to  include  most  of  Ari- 
zona, and,  turning  north,  sweeps  across  southeastern  California  and 
Nevada  toward  Salt  lake.  The  northern  end  includes  the  Belt  moun- 
tains of  Montana,  east  of  Butte  and  south  of  Great  Falls. 

In  western  Nevada  the  King  survey  determined  the  existence  of  a 
Paleozoic  landmass  on  the  succession  of  Triassic  strata  unconformablv  on 
supposed  Archean.f  This  particular  line  of  evidence  is  invalidated  bv 
Loouderback^sJ  determination  of  the  intrusive  nature  of  the  supposed 
Archean  into  Triassic  and  possibly  Jurassic  sediments  of  the  Humboldt 
range,  for  the  descriptions  of  other  occurrences  resemble  that  which  Ix>u- 
derback  has  revised.  Nevertlieless  the  character  of  pre-Cambrian  and 
Paleozoic  sediments  in  the  Great  Basin  region,  in  western  Montana  and 
Idaho  and  in  British  Columbia,  indicates  that  there  was  a  western  land- 
mass,  which  prior  to  the  granitic  intrusions  and  metamorphism  of  the 
Mesozoic  might  have  been  distinguished  by  unconformities.  Cambrian 
sediments  in  Nevada  pass  from  a  marine  to  a  littoral  phase  from  east  to 
west,  as  observed  by  Walcott.  Lindgren§  and  Ransome||  doscTil)e  expo- 
sures of  pre-Cambrian  schists  in  central  Idaho  and  the  Cceur  d'Alene  dis- 
trict.    Daly,  in  his  reports  on  the  international  boundary  survey,^  lias 

•C.  W.  CroRs  on  the  pre-Cnmbrlan  of  Colorado,  In  Bulletin  on  the  Archean  and  Algon- 
klan,  by  C.  R.  Van  Ilise  and  C.  K.  Ijelth,  revised  edition  In  pregs. 

t  Clarence  Kln^ :  Exploration  of  Fortieth  Parallel,  vol.  1,  Systematic  Geology,  p.  247. 

t  Q.  D.  Louderback  :  Basin  range  structure  of  the  Humboldt  region,  Nevada.  Bull. 
Geol.  Soc.  Am.,  vol.  15,  1904,  pp.  289-346. 

I  W.  Lindgrcn :  A  geological  reconnaissance  across  the  Bitter  Root  range  and  Clear- 
water mountains,  Idaho.     Trofessional  paper  no.  27.  U.  S.  Geol.  Survey,  1904. 

0  Current  manuscript  report  on  Cceur  d'Alene  region. 

H  Summer  reports,  Canadian  Geol.  Survey,  1902-1905. 
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brought  out  the  great  thickness  of  pre-Cambrian  elastics  derived  from  a 
western  land  in  i^tish  Columbia^  and  Dawson  before  him  had  described 
the  Shuswap  ana  Adams  Lake  series  as  having  similar  relations*  to  an 
Archean  geanticline  which  occupied  the  site  of  the  Gold  ranges  and  ex- 
tended as  far  north  as  latitude  57^.  Although  it  is  well  known  that  the 
metamorphic  schists  of  the  western  part  of  the  Cordillera  are  in  consider- 
able part  of  Paleozoic  age  and  are  not  lightly  to  be  reckoned  as  ancient 
pre-Cambrian  gneisses  whose  presence  at  the  surface  would  indicate  pro- 
nounced elevation,  nevertheless  the  sediments  derived  from  a  western 
land  and  deposited  in  pre-Paleozoic  or  Paleozoic  seas  prove  the  existence 
of  a  positive  continental  element  in  the  Pacific  region.  Traced  south- 
ward through  British  Columbia  into  western  Montana,  the  old  land  area 
is  lost  under  the  post-Paleozoic  intrusives  and  Tertiary  volcanics  of 
Idaho  and  Oregon.  South  of  the  .Snake  River  flows  it  appears  to  have 
occupied  western  Nevada  and  northern  California,  including  possibly  the 
Klamath  Mountain  region. 

Proceeding  northwestward  beyond  British  Columbia,  we  find  the  Yukon 
plateau,  which  according  to  Brooks  is  a  region  of  deeply  denuded  early 
Paleozoic  or  older  rocks,  flanked  both  north  and  south  by  folded  Paleozoic 
and  Mesozoic  strata.  The  central  area  may  represent  a  positive  element, 
the  backbone  of  Alaska,  compressed  between  the  thrusts  from  the  Pacific 
and  Arctic  basins. 

In  Mexico  and  Central  America  there  are  areas  of  so-called  Archean 
rocks  which  might  be  interpreted  as  evidences  of  centers  of  elevation ;  but 
the  relations  of  unconformity  are  with  rocks  as  late  as  the  Mesozoic  where 
they  are  determined,  and  there  is  nothing  to  exclude  the  hypothesis  that 
the  schists  are  metamorphosed  Paleozoics,  whereas  the  general  descrip- 
tions of  the  rocks  by  Ordonez  f  and  Sapper  J  invite  comparison  with  the 
altered  Paleozoics  of  the  Great  basin  and  California.  It  seems  very 
doubtful  if  there  be  a  positive  continental  element  in  the  peninsula  region 
south  of  Arizona. 

To  sum  up  the  enumeration  of  the  positive  continental  elements,  we 
may  name  and  characterize  them  as  follows : 

Laurentia,  the  protaxis  of  Dana,  the  region  of  exposure  of  the  most 
ancient  rocks,  over  which  the  sum  of  imconformities  is  apparently  equal 
to  all  post-Laurentian  time  and  is  to  be  reduced  only  by  the  epochs  of 
general  submergence  of  Arctic  lands. 


*  G.  M.  Dawson :  Geological  record  of  the  Rocky  Mountain  region  In  Canada.  Bull. 
Geol.  Soc.  Am.,  vol.  12.  1901,  p.  84. 

t  L'arcbaique  du  Canon  de  Tomellin,  par  Ezeq.  Ordonez,  Guide  Geologiqqe  de  Mex- 
Ique,  X  Int  Congrea,  Mexico. 

t  Uber  Geblrgsbau  und  Boden  des  nordlichen  Mlttelamertka,  C.  Sapper,  Peterm.  Mitt. 
Brganzungsband  xxvil,  no.  127. 
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Appalachia,  the  eastern  element,  which  was  a  conspicuous  land  area 
during  the  Paleozoic  and  is  characterized  by  a  sum  of  unconformities 
nearly,  if  not  quite,  equal  to  that  of  Laurentia.  Its  eastern  portion, 
which  was  presumably  more  extensive  than  the  area  now  bounded  by  the 
Atlantic,  has  been  more  or  less  submerged  since  the  early  Mesozoic. 

Llano  and  Ozarkia,  the  more  conspicuous  points  in  a  zone  where  the 
balance  of  unconformities  and  sediments  is  nearly  even  and  their  alge- 
braic sum  may  be  roughly  estimated  as  zero,  with  perhaps  a  plus  correc- 
tion. 

The  Kocky  Mountain  element,  comprising  Wyoming,  Colorado,  afid 
Arizona,  which  is  distingmshable  by  a  sum  of  unconformities  fhat  gives 
it  a  positive  character  in  spite  of  frequent  submergence  and  is  more 
clearly  recognized  as  a  recurrent  landmass  when  compared  with  the  adja- 
cent negative  r^on  of  the  Great  basin. 

A  Pacific  element,  occup}'ing  Nevada  and  a  zone  extending  thence 
northward  to  latitude  57^  in  British  Columbia  and  westward  to  an  un- 
known distance,  determined  chiefly  on  the  pre-Cambrian  and  Paleozoic 
sediments  derived  from  it. 

The  Yukon  element,  an  element  comprising  the  ancient  rocks  of  the 
Yukon  plateau,  which  apparently  has  been  the  source  of  Paleozoic  and 
Mesozoic  sediments  of  the  Pacific  and  Arctic  littorals. 

Possibly,  but  not  probably,  an  isthmian  element  or  elements  repre- 
sented by  the  ancient  schists  of  Mexico  and  Guatemala. 

Negative  Elements  of  North  America 

By  contrast  with  the  positive  elements  of  the  continent  which  are  recog- 
nized by  absence  of  sediments  and  preponderance  of  unconformities,  the 
negative  elements  are  distinguished  by  the  sediments  which  bury  them. 
The  significant  strata  are  practically  limited  to  the  Paleozoic  and  Meso- 
zoic, as  pre-Paleozoic  tcrranes,  with  the  exception  of  the  Huronian,  the 
Belt,  and  the  Ocoee,  are  too  limited  in  occurrence  to  give  tangible  evi- 
dence, and  as  the  possible  effects  of  post-Mesozoic  isostatic  adjustment 
are  profoundly  modified  by  the  compression  and  intrusion  that  mark  the 
Cordilleran  orogenic  activity. 

Through  his  studies  of  the  Cambrian,  Walcott*  first  distinguished  the 
eastern  and  western  troughs  which  are  the  loci  of  the  principal  negative 
elements,  the  Appalachian  trough  and  that  of  Nevada  and  British 
Columbia. 


*  C.  D.  Walcott :  The  North  American  continent  during  Cambrian  time.     Twelfth  Ann. 
Kept.  U.  S.  Oeol.  SurYej,  pt  1,  pp.  629-561. 
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,  In  the  Appalachian  trough  opportunity  for  maximunv  sedimentation 
during  the  Paleozoic  was  afforded  by  the  profound  subsidence  of  an  area 
in  New  York,  Pennsylvania,  Virginia,  and  Ohio.  At  Mauch  Chunk  the 
total  thickness  is  approximately  30,000  feet.  The  Devonian  subsidence 
alone  was  10,000  feet,  and  the  area  of  the  sunken  element  is  well  indi- 
cated by  the  mussel-shaped  form  which  the  Hamilton  black  shale  had 
assumed  by  the  close  of  Devonian  time.*  This  element  presents  a  striking 
contrast  with  Appalachia,  the  positive  mass  which  bounds  it  on  the  east. 
The  maximum  vertical  displacement  of  the  negative  with  reference  to  the 
pc^itive  can  scarcely  have  been  less  than  40,000  feet  during  the  Paleozoic 
era.  Let  us  call  this  sunken  area  the  northern  Appalachian  negative 
element. 

A  second  area  of  notable  subsidence  occupies  the  southern  end  of  the 
Appalachian  trough.  It  developed  during  the  Ocoee  epoch  (late  pre- 
Cambrian  or  Cambrian)  and  continued  throughout  the  Paleozoic  to  be  a 
region  of  more  or  less  subsidence  and  deposition.  The  total  thickness  of 
strata,  including  the  Ocoee,  is  probably  20,000  feet,  and  the  displacement 
with  reference  to  Appalachia  was  probably  not  less  than  25,000  feet. 
The  area  comprises  part  of  western  North  Carolina,  northern  Georgia 
and  Alabama,  and  eastern  Tennessee.  We  may  call  this  negative  element 
the  southern  Appalachian. 

The  northern  and  southern  Appalachian  negative  elements  were  ap- 
parently distinct,  although  the  zone  of  l*aleozoic  sediments  and  Appa- 
lachian folding  connects  them;  but  in  southern  A"^irginia  there  are 
unconformities  in  the  sedimentary  series  which  give  the  district  a  dis- 
tinct character  with  a  less  decided  negative  tendency. 

The  Rocky  Mountain  trough,  as  Walcott  called  it,  occupies  the  Great 
Basin  region  in  the  United  States  and  the  ranges  in  British  Columbia 
between  the  Great  plains  and  the  Columbia  river,  together  with  their 
extensions  southward  into  Idaho.  Between  the  Groat  basin  of  Nevada 
and  southern  Idaho,  there  lies  in  central  Idaho  and  western  Montana  a 
district  in  which  the  great  thicknesses  of  pre-Paleozoic  and  Paleozoic  sedi- 
ments appear  to  be  wanting.  The  trough  is  thus  apparently  divided  into 
a  southern  and  a  northern  part. 

Over  the  Great  Basin  element,  as  we  may  call  it,  Paleozoic  sediments 
accumulated  to  a  thickness  of  32,000  feet,  according  to  King.f  The 
Eureka  section  comprises  30,000  feet. J     In  contrast  with  these  great 

•  Bailey  WIUIs :  Paleozoic  Appalachia.  Maryland  Geological  Survey  Reports,  vol.  4, 
pp.  61-62,  pi.  Iv. 

t  Clarence  King :  Geological  Survey  of  the  Fortieth  Parallel,  vol.  1,  Systematic  Geol- 
ogy, p.  246. 

t  Arnold  Hague :  Geology  of  the  Eureka  district.  U.  S.  Geol.  Survey,  Monograph  zz, 
p.  208. 


400  B.  WILLIS — ^A  THEORY  OF  CONTINENTAL  STRUCTURE 

thicknesses  we  may  place  that  of  6,000,  determined  by  Walcott  for  the 
Kanab  section,  Arizona,  which  lies  ou  a  positive  element.  The  condition 
which  determined  the  accumulation  of  30,000  feet  of  strata  in  the  Great 
Basin  region  was,  I  take  it,  the  subsidence  of  that  area  between  the  Colo- 
rado element  on  the  east  and  the  Pacific  element  on  the  Vest.  This 
movement  was  a  decidedly  negative  one. 

In  northern  Idaho,  western  Montana,  and  British  Columbia,  there  is  a 
thickness  of  37,000  feet  of  late  Proterozoic  (Algonkian)  strata,*  and  to 
this  we  must  add  the  Paleozoic,  which  comprises  f  at  least  17,000  feet 
above  the  base  of  the  Castle  Mountain  group. 

This  region  of  profoimd  subsidence  lies  between  the  Pacific  lanil, 
from  which  the  bulk  of  the  sediments  was  derived,  and  Laurentia.  In 
comparison  with  them  its  negative  character  stands  out  distinctly. 

The  negative  elements  of  the  central  portion  of  the  continent  present 
very  diverse  aspects. 

Between  Missouri  and  Colorado  the  region  of  the  Great  plains  is  the 
surface  of  a  comparatively  thick  mass  of  Paleozoic  and  Mesozoic  sedi- 
ments. Along  its  southern  margin  the  Paleozoic  measures  18,000  to 
23,000  feet  in  thickness,J  including  the  Middle  Cambrian  and  the  Car- 
boniferous. The  strata  rest  on  pre-Cambrian  granites,  which  appear  to 
constitute  the  northern  limit  of  the  Llano  positive  eliement.  The  extent 
of  the  Great  Plains  element  northward  from  Indian  Territory  and  Okla- 
homa is  not  readily  defined.  The  Paleozoic  sections  of  the  Colorado 
Front,  the  Black  Hills,  and  the  Bighorn§  range  from  1,000  to  3,000  feet 
only  and  represent  the  sediments  deposited  on  the  margin  of  the  Colorado 
positive  element.  Adding  the  Mesozoic,  we  get  a  total  of  8,000  feet, 
much  of  which  falls  in  the  upper  Cretaceous  and  therefore  in  a  period  of 
tangential  pressure,  when  subsidence  and  elevation  can  not  be  attributed 
without  question  to  isostatic  vertical  adjustment.  Nevertheless  it  ap- 
pears probable  that  a  trough  separated  Colorado  from  Ozarkia  and  Lau- 
rentia during  the  Paleozoic  and  Mesozoic  and  connected  with  the  nega- 
tive element  of  British  Columbia. 

East  of  the  Ozarkia-Isle  Wisconsin  zone  the  coal  basin  of  Illinois  pre- 
sents an  area  of  moderate  depression  which  is  bounded  On  the  east  by  the 
Cincinnati-Nashville  axis.     In  Michigan  is  a  similar  basin.     I  regard 


*  C.  D.  Walcott :  Algonkian  formations  of  northwestern  Montana.  Bull.  Geol.  Soo. 
Am.,  vol.  17,  1006,  pp.  1-29. 

t  R.  G.  McConnell :  Report  on  the  geological  structure  of  a  portion  of  the  Rocky 
mountains.     Canada  Geol.  and  Nat.  Hist.  Survey  Rept.,  1886,  pt.  2,  1887. 

t  J.  A.  Taff :  Preliminary  report  on  the  geology  of  the  Arbuckle  and  Wichita  moun- 
tains.    Professional  paper  no.  31,  U.  S.  Geol.  Survey,  1904. 

S  N.  H.  Darton :  Geology  and  underground  waters  of  the  Great  plains.  ProfessloDtl 
paper  no»  82,  U.  B.  Geol.  Survey,  pi.  zli,  p.  42. 
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the  fact  of  deeper  subsidence  in  both  of  these  basins  as  evidence  of  a  rela- 
tively negative  character. 

Two  negative  elements  remain — the  one  the  youngest,  the  other  the 
oldest  recognized.  The  Mississippi  embayment  was  a  region  of  sub- 
sidence duri/ig  the  Tertiary  and  Cretaceous.  Its  behavior  during  earlier 
j>eriod8  is  indeterminate,  but  the  migration  of  faunas  between  North  and 
South  America  appears  to  require  such  a  waterway  along  a  favoring  coast- 
line as  would  be  provided  by  a  connection  southwestward  via  the  Missis- 
sippi embayment.  We  can  never  know  positively,  but  it  is  a  reasonable 
presumption,  that  the.  region  formerly  had  the  character  which  it  now 
possesses  and  which  causes  it  to  stand  low. 

The  oldest  region  of  which  we  are  able  to  decipher  the  stratigraphic 
history  is  that  about  lake  Superior.  The  thickness  of  Lower  and  Middle 
Huronian  sediments  is  given  at  6,000  to  18,000  feet,  and  that  of  the 
Upper  Huronian  as  14,000  feet.*  The  sediments  of  the  Keweenawan 
measure  15,000  feet,  and  although  this  may  not  be  the  true  thickness  of 
the  beds  they  nevertheless  correspond  to  a  notable  subsidence.  The  sum 
of  these  measures  shows  that  the  region  was  one  which  sank  with  refer- 
ence to  adjacent  areas  (presumably  Laurentia),  and  thus  during  the  early 
ages  of  continental  history  exhibited  a  negative  character.  The  process  of 
intimate  folding  to  which  the  strata  were  subjected  welded  them  to  the 
positive  element  in  such  manner  that  they  have  since  shared  its  elevatory 
movements;  yet  the  district  may  still  be  affected  negatively,  if  we  may 
regard  the  syncline  in  the  Keweenawan  beds  and  the  existing  depression 
as  effects  of  vertical  movement  due  to  isostacy. 

The  negative  elements  of  the  continent  which  have  been  described  may 
be  briefly  enumerated  as  follows:  The  northern  Appalachian  (New  York 
to  Virginia),  the  southern  Appalachian  (North  Carolina,  Georgia,  Ala- 
bama, and  east  Tennessee),  the  southern  Rocky  Mountain  (comprising 
the  Great  basin),  the  northern  Rocky  Mountain  (located  in  British 
Columbia  and  Idaho),  the  Great  Plains  (best  developed  in  Indian  Terri- 
tory and  Oklahoma,  but  probably  crntinued  northward  to  the  northern 
Rocky  Mountain  trough),  the  Illinois  and  Michigan,  the  Mississippi, 
and  the  Lake  Superior  negative  elements. 

Theoretical  Considebations 

The  masses  which  have  been  distinguished  as  positive  and  negative  ele- 
ments appear  to  stand  in  contrast  according  to  the  predominance  of  un- 
conformities or  deposits.    I  regard  them  as  distinct  independently  of  any 

^  Chamberlln  and  Salisbury :  Manual  of  Geology,  Ist  edition,  rol.  2,  pp.  176  and  164. 
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hypothesis  of  the  conditions  to  which  they  owe  their  positive  or  negative 
character.  We  may,  however,  frame  a  hypothesis  in  accordance  with 
Button's  original  statement  of  isostacy,*  which  runs : 

**If  the  earth  were  composed  of  homogeneous  matter  its  normal  figure  of 
equilibrium  without  strain  would  be  a  true  spheroid  of  revolution;  but  if 
heterogeneous,  if  some  pnrts  were  denser  or  lighter  than  others,  Its  normai 
figure  would  no  longer  be  spheroidal.  Where  the  lighter  matter  was  accuma- 
lated  there  would  be  a  tendency  to  bulge,  and  where  the  denser  matter  existed 
there  would  be  a  tendency  to  flatten  or  depress  the  surface.  For  this  condition 
of  equilibrium  of  figure,  to  which  gravitation  tends  to  reduce  a  planetary  body, 
irrespective  of  whether  it  be  homogeneous  or  not,  I  propose  the  name 
Uostacy" 

In  his  explanations,  Button  laid  emphasis  on  effects  of  erosion  to  a 
degree  which  has  led  to  a  general  oversight  of  the  fact  that  his  primar}' 
conception  dealt  with  an  earth  composed  of  lighter  and  denser  bodies,  but 
that  original  idea  was  clearly  his.  The  misleading  discussions  of  the 
efficacy  of  erosion  and  sedimentation  to  produce  isostatic  adjustment 
should  be  set  aside,  that  cause  being  clearly  subsidiary  and  self-destructive 
where  effective  at  all.  Through  investigations  of  the  deflection  of  the 
plumbline  observed  in  the  primary  triangulation  of  the  United  States, 
Hayford  reaches  the  conclusion  that  for  the  United  States  and  adjacent 
areas  it  may  be  assumed,  with  a  close  approximation  to  the  truth,  that 
the  earth  is  in  the  condition  called  isostacy.  f  He  uses  the  term  in  the 
sense  quoted  above  from  Button. 

Keeker's  determinations  in  the  Atlantic  and  Pacific  basins^  suffice 
to  show  that  the  intensity  of  gravity  is  what  it  would  \ye  on  a  Utho- 
spheroid  of  the  radius  of  sealevel;  in  other  words,  there  is  an  excess  of 
material  beneath  the  ocean  bottoms  very  nearly,  if  not  exactly,  equivalent 
to  the  depth  of  the  ocean  at  the  point  of  observation.  There  are  some 
exceptional  results,  which  do  not  agree  with  the  rule,  but  as  a  whole  the 
observations  give  very  strong  support  to  the  theory  of  the  existence  of 
an  isostatic  balance  between  the  suboceanic  and  the  subcontinental 
masses. 

In  applying  the  hypothesis  of  density  differences  to  the  distinct  parts 
of  the  continent,  we  tread  on  speculative  ground.     A  firm  foundation 

*  C.  B.  DuttoD :  On  some  greater  problems  of  physical  geology.  Bull.  Phil.  Soe. 
Washington,  vol.  xl,  1S89. 

t  O.  H.  Tlttmann  and  J.  F.  Hayford :  Geodetic  operations  In  the  United  States,  1903- 
*06.  A  report  to  the  fifteenth  general  conference  of  the  International  Geodetic  Associa- 
tion.    Washington,  1906. 

t  Berlcht  liber  die  Schwerkrafts  messungen  aufdem  Meere,  O.  Hecker.  Nature,  June, 
1904,  p.  104 ;  Sltsungsberlcht,  Ak.  der  Wlssensch.  zn  BerlUn,  Febr.,  1902 ;  Veroffent- 
llchung  des  k.  preuss.  geod&t  Instltuts,  Neue  Folge  no.  11,  Berlin,  1903;  Berlcht  sum 
XV  Intern,  geodilt  Konferenz  zu  Budapest,  1906. 
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can  be  laid  only  through  observations  of  the  intensity  of  gravity  which 
actually  exists  in  different  sections  and  consideration  of  the  qualifying 
effects  of  tangential  pressure  and  igneous  activity.  Nevertheless  the 
speculation  is  worthy  of  being  entertained.  The  observed  vertical  dis- 
placements of  negative  elements  with  reference  to  positive  elements  are 
equal  to  or  of  the  same  order  of  magnitude  as  oceanic  depths ;  the  masses 
involved  are  some  of  them  of  subcontinental  dimensions;  the  rate  of 
subsidence  or  elevation  has  been  gradual  in  general,  though  periodically 
accelerated,  and  for  a  given  element  the  movement  has  been  in  the  same 
sense  positive  or  negative  during  long  geologic  periods. 

Hence  I  postulate  as  a  basis  of  a  theory  of  continental  structure  that 
the  continent  consists  of  elements  which  differ  in  density  and  which  have 
been  controlled  in  certain  movements  of  elevation  or  subsidence  by  the 
differences  of  density  exiting  among  them. 

Effects  of  tangential  Pressure 

In  the  conclusion  just  stated,  the  effects  of  isostatic  adjustment  are 
qualified  by  restriction  to  certain  movements  of  elevation  or  subsidence. 
Certain  other  movements  of  elevation,  and  possibly  also  of  depression, 
are  attributable  to  tangential  pressure.  Further,  it  is  thought  probable 
that  the  two  effective  conditions  (deficient  density  and  horizontal  thrust) 
may  combine  to  cause  a  given  elevation.  And,  finally,  it  is  recognized  that 
as  a  result  of  tangential  pressure  a  region  which  had  previously  pos- 
sessed the  character  of  a  negative  element  and  suffered  depression  may 
become  a  region  liable  to  uplift. 

These  relations  may  best  be  illustrated  by  reference  to  the  history  of 
Appalachia  and  the  adjacent  negative  elements  on  the  west.  The  pre- 
Cambrian  movements  of  Appalachia,  so  far  as  we  know  them,  resulted 
in  profound  erosion  and  were  movements  attributable  to  isostatic  eleva- 
tion. Whether  the  negative  elements  were  then  effectively  differentiated 
or  not,  we  do  not  know.  During  the  Paleozoic  the  positive  movements 
continued  to  be  of  an  isostatic  type  and  there  were  negative  displace- 
ments of  the  same  kind.  Only  in  the  Devonian  was  there  an  exception- 
ally energetic  erogenic  effect  which  might  be  attributed  to  tangential 
thrust,  and,  restricted  as  this  was  to  a  district  east  of  Pennsylvania  and 
New  York,  the  uplift  may  have  belonged  to  the  New  England  province, 
which  appears  to  have  had  a  distinct  dynamic  history,  as  will  appear  in 
the  further  discussion. 

The  Appalachian  revolution  greatly  modified  the  previously  existing 
conditions.    Appalachia,  the  positive  element,  apparently  lost  a  consider- 
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able  eastern  section^  which  sank  to  the  depth  of  the  Atlantic  basin,  and 
the  strata  that  had  accumulated  beyond  its  western  shore  in  the  mediter- 
ranean sea  were  folded  up  to  a  notable  mountain  range  which  stood  upon 
the  negative  elements.  Subsequently  the  whole  eastern  portion  of  North 
America  was  reduced  to  a  peneplain,  and  in  relatively  modem  times  has 
suffered  that  broad  doming  with  subordinate  corrugation  which  consti- 
tutes the  existing  Appalachian  mountains.  The  early  effects  that  we 
recognize  as  the  Appalachian  revolution  and  those  which  have  followed 
may  be  credited,  I  think,  to  the  tangential  thrust  which  is  exerted  by  the 
sub-Atlantic  mass  on  the  elements  of  the  Appalachian  province,  both 
positive  and  negative,  whereas  the  conditions  which  prevailed  prior  to  the 
Appalachian  revolution  were  peculiar  to  continental  elements  that  were 
not  under  dominant  tangential  stress. 

The  distinction  might  be  explained  by  the  periodicity  of  tangential 
movement,  if  we  could  assume  that  no  notable  thrust  had  been  exerted 
by  the  sub- Atlantic  mass  before  the  close  of  the  Paleozoic;  but,  while  it 
is  true  that  there  were  long  intervals  of  inactivity,  there  is,  for  instance, 
the  Taconic  disturbance,  which  affected  New  England  and  not  Pennsyl- 
vania. Special  developments  of  mechanical  relations  appear  to  afford 
a  better  explanation  of  this  and  other  obscure  changes  of  condition. 
Thus,  in  explanation  of  the  supposed  effectiveness  of  a  sub-Atlantic 
thrust  upon  the  eastern  United  States  at  the  present  time,  let  us  consider 
the  larger  movements  of  the  Appalachian  revolution  and  their  mechanical 
effects.  It  is  well  established  that  the  folding  of  the  Paleozoic  strata  in 
the  Appalachian  zone  corresponds  to  a  narrowing  of  the  zone  by  35  miles 
or  more — that  is,  the  Blue  ridge  approached  the  Cumberland  plateau 
from  a  distance  of  100  miles  to  within  65  miles.  The  general  effect  may 
best  be  described  as  a  composite  overthrust  from  southeast  toward  north- 
west. Keith^s  recent  investigations*  show  that  overthrusts  of  equal  or 
greater  displacement  traverse  the  gneisses  of  the  Smoky  mountains. 
Hence  it  is  a  moderate  statement  to  say  that  during  the  Appalachian 
revolution  that  portion  of  the  continent  southeast  of  the  Cumberland 
Plateau  rim  moved  northwestward  at  least  60  miles.  If  this  movement 
be  conceived  as  affecting  a  superficial  film,  the  mechanical  effects  need 
not  be  supposed  to  modify  the  continental  structure,  but  the  phenomena, 
such  as  the  dip  of  the  thrust  planes,  for  instance,  indicate  a  deeper 
origin,  and  it  appears  reasonable  to  regard  this  displacement  as  one 
which  involves  the  subcontinental  and  suboceanic  masses  down  to  the 


*  Arthur  Keith :  Folded  faults  of  the  southern  Appalachians.     Compte  Rendu  de  la 
session  du  Congres  Int  a  Vlenne,  vol.  2,  1903,  p.  541 ;  also  Atlas  U.  S.  Geol.  Surrey, 
lan  Mountain  and  other  folios. 
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limit  of  etfective  plastic  flow,  which  should  correspond  with  the  depth  of 
the  zone  of  isostatic  adjustment,  71  to  100  miles,  as  stated  hy  Hayford 
in  the  article  already  cited.  The  mechanical  effects  of  the  pressure,  as 
we  observe  them  in  masses  which  were  not  very  deeply  buried  when  dis- 
placed, are  seen  in  numerous  shearing  planes  on  which,  under  appro- 
priate stress,  the  masses  rose  as  on  an  inclined  plane.  The  parallel 
mechanical  effects  in  the  depths  beyond  our  observation,  I  conceive  to  be 
shearing  planes  or  their  equivalents,  planes  of  incipient  displacement,  on 
which  any  part  of  the  mass  moves  northwestward  and  upward  when  ade- 
quate pressure  is  exerted  from  the  sub-Atlantic  region.  Such  a  pressure 
is,  I  postulate,  now  exerted,  and  the  combined  effect  of  very  deep-seated 
displacements  is  seen  in  the  present  doming  of  the  Cretaceous  peneplain. 
Prior  to  the  Appalachian  revolution  this  condition  did  not,  however, 
exist  in  the  subcontinental  section  which  is  now  affected. 

The  preceding  discussion  of  shearing  planes  suggests  why  the  surface 
of  the  eastern  United  States  is  now  elevated  and,  per  contra,  why  the 
region  was  not  similarly  affected  before  the  Appalachian  revolution. 
There  is  another  line  of  reasoning  along  which  the  same  conclusion  may 
be  reached.  The  ancient  eastern  coastal  region  of  Appalachia,  from  the 
latitude  of  New  York  to  the  Bahamas,  lies  beneath  the  Atlantic  ocean 
beyond  our  ken;  but  its  homologue,  the  New  England-New  Brunswick- 
Newfoundland  zone,  the  eastern  coast  belt  of  Laurentia,  is  well  known. 
The  latter  has  been  intensely  folded  by  Atlantic  pressure,  which  was, 
however,  absorbed  in  the  process  and  was  not  effective  in  the  adjacent 
districts  of  Laurentia.  By  analogy  we  may  reason  that  Atlantic  pressures 
were  taken  up  by  an  eastern  coastal  zone  of  Appalachia  during  the  Pro- 
terozoic  and  Paleozoic  eras  and  the  region  of  the  mediterranean  province 
remained  free  from  tangential  stress  for  that  reason. 

The  effects  of  pressure  of  the  sub-Pacific  mass  upon  North  America 
are  less  well  known  than  those  of  the  Atlantic  and  they  appear  to  be 
more  complex.  The  Great  basin  and  eastern  British  Columbia  lie  within 
the  Pacific  positive  element,  which  separates  them  from  the  Pacific,  pre- 
cisely as  the  Appalachian  folded  zone  lies  within  Appalachia.  In  neither 
case  is  the  folded  zone  the  immediate  margin  of  the  continent.  The 
analogy  of  position  requires  a  similar  mechanical  effect  on  the  Pacific 
side  as  on  the  Atlantic,  and  one  who  accepts  the  evidence  of  the  displace- 
ment of  Appalachia  can  not  well  escape  the  inference  that  the  Pacific 
positive  element  was  likewise  driven  in  during  the  movements  that  led 
to  the  folding  of  the  Paleozoic  of  the  Rocky  Mountain  trough. 

At  that  date  the  eastern  limit  of  the  folded  zone,  which  we  may  take 
as  marking  the  effective  radius  of  Pacific  thrust,  was  the  Wasatch  dis- 

XXXV — Bull.  Gbol.  Soc.  Am.,  Vol.  18,  1906 
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trict  on  the  Fortieth  Parallel  sectioiu  It  does  not  follow,  however,  that 
that  limit  was  never  passed  by  movements  originating  in  the  distant  but 
vast  suboceanic  mass.  The  folding  which  occurred  during  the  late  Cre- 
taceous and  Eocene  throughout  the  Bocky  Mountain  province,  even  as 
far  east  as  the  Front  range  of  Colorado,  is  to  be  attributed  either  to 
Pacific  thrust  or  to  pressure  exerted  from  the  region  of  the  Great  plains. 
The  latter  involves  the  spreading  of  the  negative  element  that  lies  be- 
neath the  plains,  at  least  according  to  the  hypothesis  entertained,  that 
tangential  movements  in  the  earth's  crust  are  due  to  displacement  of  the 
lighter  elements  by  lateral  spread  of  the  denser  masses.  It  would  seem, 
however,  that  the  relatively  light  and  small  n^ative  element  beneath  the 
Great  plains  is  a  very  inadequate  source  of  tangential  thrust  as  compared 
with  the  comparatively  dense  and  enormous  mass  beneath  the  Pacific. 
As  already  stated,  I  regard  the  latter  as  the  source  of  the  orogenic  activ- 
ity which  has  produced  the  Cordillera  from  Alaska  to  cape  Horn,  and  this 
conclusion  necessarily  includes  the  section  in  Colorado. 

Throughout  the  Cordillera  the  effects  of  tangential  thrust  in  modify- 
ing the  isostatic  relations  which  might  otherwise  exist  among  positive 
and  negative  elements  appear  to  be  obvious,  and  I  will  not  dwell  upon 
theuL 

We  may  next  turn  to  the  zone  of  folding  which  crosses  Arkansas  and 
Indian  Territory  and  is  represented  by  the  novaculite  area  and  the 
Arbuckle- Wichita  mountains.  The  structures  are  described  by  Bran- 
ner,*  Griswold,!  and.  Taff,t  who  are  agreed  that  the  Paleozoic  land  area 
lay  to  the  south.  Griswold  states  (page  213)  that  the  direction  of 
pressure  was  from  the  south.  Thus,  if  the  gulf  of  Mexico  and  northern 
Mexico  be  regarded  as  the  site  of  a  negative  element  from  which  the 
tangential  thrust  was  exerted,  this  zone  of  folding  occupies  a  position 
within  the  Llano  positive  element  which  is  homologous  with  that  of  the 
Appalachian  or  that  of  the  Great  Basin  zones. 

The  effect  of  tangential  thrust  in  transforming  the  deep  Paleozoic 
basin  of  the  southern  Great  plains  into  an  area  liable  to  uplift  is  entirely 
similar  to  the  change  in  the  tendencies  of  the  Appalachian  mediter- 
ranean. 

In  the  preceding  paragraphs  the  Atlantic,  Pacific,  and  Mexican  basins 
are  regarded  as  the  sources  of  the  tangential  pressures  which  have 
affected  the  intervening  continent.    The  Arctic  remains  to  be  consid- 


•  Ibid.,  Am.  Jour.  Scl.,  4th  series,  vol.  4,  1897. 

t  Arkansas  Geolo^cal  Survey  Ann.  Kept.,  1890,  Novaculites.  by  L.  S.  Griswold,  1802. 
t  J.  A.  Taff :  Preliminary  report  on  the  geology  of  the  Arbuckle  and  Wichita  moun- 
tolns.     Professional  paper  no.  31,  U.  S.  Geological  Survey,  1904. 
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ered.  There  is  a  folded  zone  in  Grantland  extending  from  Lincoln  sea 
to  the  Sverdrup  islands  and  involving  Triassic  and  older  rocks.*  Beyond 
the  fact  that  it  is  there,  we  know  but  little  about  it.  In  Alaska  the 
mountains  north  of  the  Yukon  plateau  are  composed  of  moderately 
folded  Paleozoic  and  Mesozoic  sediments,  f  the  structure  and  stratigraphy 
of  which  are  but  imperfectly  known. 

But  though  there  is  yet  much  to  learn  of  the  structure  of  Arctic  North 
America,  we  may  nevertheless  compare  it  with  northern  Siberia  as  a 
region  in  which  tangential  pressure  has  been  but  feebly  exerted,  at  least 
since  the  beginning  of  the  Paleozoic.  The  Arctic  ocean  being  but  a  rela- 
tively small  and  not  exceedingly  deep  basin,  this  result  is  consistent  with 
the  hypothesis  that  the  pressures  were  exerted  from  it  upon  the  adjoin- 
ing positive  elements. 

In  the  compressed  folds  of  the  iron  ranges,  the  Lake  Superior  region 
offers  a  problem  of  tangential  pressure  which  is  rendered  obscure  by 
antiquity  and  isolation.  If  we  consider  it  by  itself,  we  may  say  that 
during  the  Huronian  period  the  zone  between  Isle  Wisconsin  and  Lau- 
rentia  was  alternately  the  scene  of  deposition,  folding,  and  erosion 
until  three  thick,  distinct  series  had  accumulated.  These  phenomena 
were  accompanied  and  followed  by  intrusive  and  extrusive  igneous 
activity.  The  region  has  since  then  been  very  deeply  eroded  and  rem- 
nants of  the  deepest  troughs  alone  contain  the  sediments.  The  trend 
of  the  folds  shows  the  dominant  north-south  direction  of  pressure;  but, 
so  far  as  the  local  conditions  go,  there  is  no  evidence  as  to  whether  the 
applied  thrust  was  exerted  toward  the  south  or  toward  the  north. 

There  is  a  broader  view  of  the  northern  regions,  which  gives  the  events 
of  Huronian  time  a  setting  in  a  worldwide  phenomenon:  the  grouping 
of  vast  areas  of  highly  schistose,  so-called  Archean  rocks  about  the  Arctic. 
The  Canadian  protaxis,  Siberia,  Russia,  and  Greenland,  constitute  masses 
of  great  magnitude,  which  are  composed  chiefly  of  very  ancient  gneisses 
and  schists,  that  had  been  forced  from  gieat  depths  to  the  surface  before 
the  Proterozoic  era  approached  its  end.  Their  rising  was  in  part  deter- 
mined probably  by  isostatic  adjustment,  but  the  condition  of  the  rocks 
shows  that  in  the  depths  from  which  they  have  come  they  were  subjected 
to  intense  tangential  stress.  That  this  stress  was  exerted  in  a  general 
way  from  south  toward  the  north  we  may  infer  from  the  following  con- 
siderations :  We  have  seen  that  there  is  reason  to  conclude  that  those  por- 

•  Sverdrup :  The  New  Land. 

t  A  reconnaissance  in  northern  Alaska,  across  the  Rocky  mountains,  by  F.  C.  Schrader. 
Professional  paper  no.  20,  U.  S.  Geological  Survey,  1004.  Geography  and  geology  of 
Alaska,  by  A.  H.  Brooks.  Professional  paper  no.  45,  U.  S.  Geological  Survey,  1006,  pi. 
xxvll. 
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tions  of  North  America  outside  the  Canadian  protaxis  have  been  pushed 
northwestward,  northward,  and  northeastward  toward  it,  until  the  conti- 
nent may  be  said  to  consist  of  that  great  nucleus  with  a  group  of  smaller 
bodies  arranged  about  it.  So  with  Asia,  though  in  more  striking  man- 
ner. Suess  has  distinguished  the  Urscheital  in  central  and  northern 
Siberia  and  compared  the  structure  of  the  continent  to  an  arrangement 
of  garlands  pendent  from  it.*  A  study  of  the  continental  history  of 
Asia  according  to  our  present  information  shows  that  the  northern  land- 
mass  gained  in  area  by  additions  on  the  south  and  east  through  the  north- 
westward and  northward  movements  of  smaller  positive  elements.f 

The  general  structure  of  Europe  may  be  roughly  expressed  by  the 
statement  that  its  southern  and  western  elements  have  been  pushed  north- 
ward and  eastward  toward  the  Eussian  nucleus. 

If  now  we  consider  the  distribution  of  land  and  water  throughout  the 
globe,  we  find  a  southern  oceanic  hemisphere  and  a  northern  continental 
hemisphere. J  According  to  the  evidences  of  isostatic  equilibrium,  this 
arrangement  corresponds  to  that  of  lighter  and  denser  elements;  and 
according  to  the  theory  of  suboceanic  spread  here  entertained,  the  gen- 
eral northward  movement  of  continental  elements  and  the  effects  of 
tangential  pressure  exhibited  by  the  ancient  gneisses  and  schists  of  the 
great  northern  nuclei  are  due  to  the  stress  exerted  by  the  heavier  sub- 
oceanic  mass  of  the  water  hemisphere. 

Considering  the  immense  embajTnents  of  the  northern  Pacific  and 
Atlantic  oceans  among  the  continents,  it  is  obvious  that  no  symmetrical 
relation  of  stresses  can  exist;  yet,  in  view  of  the  vast  eras  during  which 
the  conditions  have  endured,  there  can  be  no  doubt  that  the  stresses  of 
which  the  Arctic  is  approximately  the  center  have  long  since  tended 
toward  an  equilibrium.     Hence  the  stability  of  northern  lands. 

Zones  of  Intrusion 

In  discussing  the  zones  of  intrusion  and  extrusion  of  Xorth  America, 
the  immediate  purpose  is  to  enumerate  those  which  appear  to  have  rela- 
tions to  the  positive  and  negative  elements  that  have  been  distinguished. 

It  is  well  known  that  intrusives  constitute  a  very  large  proportion  of 
the  rocks  of  Laurentia,  Appalachia,  and  similar  areas.  The  fact  is  in- 
terpreted by  Van  Hise§  and  also  by  Chamherlin||  as  evidence  that  the 

*  Das  Antllitz  der  Erde,  vol.  3,  chap.  3. 

t  Bailey  Willis :  ReBearch  in  China,  vol.  2,  Systematic  Geology.  Publication  no.  54, 
Carnegie  Institution  of  Washington,  1907. 

t  Stieler's  Atlas,  1905.  Karte  3,  I^nd  und  Wasser  Halbkugel. 

I  C.  R.  Van  Hise :  A  treatise  on  metamorphism,  p.  707. 

I  T.  C.  Chamberlln  and  R.  D.  Salisbury :  Manual  of  geology,  Ist  edition,  vol.  2,  pp. 
130-181. 
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associated  rocks  were  formerly  buried  to  a  depth  at  which  intrusive 
masses  are  more  generally  present  than  they  are  at  the  surface,  and  in 
relation  to  our  subject,  it  is  merely  one  of  the  evidences  of  decided  eleva- 
tion and  pronounced  erosion  of  the  positive  elements. 

There  are,  however,  zones  in  which  igneous  intrusions  are  peculiarly 
voluminous  in  rocks  that  never  were  so  deeply  buried.  Some  of  these 
occur  between  a  positive  and  a  negative  element  or  between  two  negative 
elements ;  others,  as  the  Cordillera,  are  widely  distributed  without  appar- 
ent order. 

The  New  England-New  Brunswick-Newfoundland  zone,  which  in  fact 
extends  from  Philadelphia  to  Saint  Johns,  Newfoundland,  is  one  of  the 
first  kind.  It  lies  between  Laurentia,  to  which  we  must  reckon  the  Adi- 
rondacks  and  Highlands,  and  the  Atlantic,  i.  e.,  between  two  of  the  largest 
elements  we  can  distinguish,  one  of  which  is  very  decidedly  positive  and 
the  other  pronouncedly  negative.  The  dynamic  activities  in  this  zone 
have  repeatedly  been  marked  by  igneous  intrusion  and  extrusion  from 
early  Proterozoic  time  to  the  Triassic.  In  explanation  of  this  condition 
we  may  point  out  that  the  zone  between  the  sinking  Atlantic  element  and 
rising  Laurentia  was  a  zone  of  displacements,  in  which  temperature  and 
pressure  must  vary  notably,  and  consequently  conditions  would  arise 
favorable  to  the  formation  of  molten  masses.* 

These  conditions  distinguish  the  New  England  province  from  the 
Southern  Appalachian,  where  the  absence  of  vulcanism,  except  in  the 
late  Proterozoic  and  Triassic  epochs,  is  a  conspicuous  and  unexplained 
fact. 

In  the  Lake  Superior  region  volcanic  and  plutonic  activity  was  fre- 
quent on  a  very  large  scale  until  the  close  of  the  Keweenawan,  when  it 
ceased  apparently  forever.  During  the  periods  of  activity  the  region  had 
a  negative  tendency  and  lay  adjacent  to  the  Laurentian  and  Wisconsin 
elements.  When  the  vulcanism  was  finally  extinguished  the  negative 
element  had  become  welded  to  the  positive  in  consequence  of  tangential 
thrust,  and  it  has  since  moved  with  them. 

Throughout  the  great  western  Cordillera  intrusive  and  extrusive  rocks 
are  so  widely  distributed  that  it  is  apparent  no  one  simple  condition  of 
continental  structure  controlled  their  appearance.  The  widespread  and 
obvious  igneous  masses  have,  however,  been  erupted  since  the  Triassic — 
that  is,  since  the  continent  acquired  a  certain  unity  and  since  the  develop- 
ment of  those  hypothetical  deep-seated  shear  zones  which  seem  essential 
to  the  eastward  movement  indicated  by  folding.  With  these  relations 
in  mind,  we  may  suggest  that  the  Mesozoic  and  younger  intrusions  bear 

•  p.  6.  Talt :  Heat,  1S84,  p.  123. 
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a  relation  to  displacements  of  the  united  western  continent  with  refer- 
ence to  the  Pacific,  and,  further,  that  the  mechanical  structures  of  the 
subterrane  have  been  eSective  in  directing  the  movement  of  molten 
masses,  even  to  great  distances  from  the  margin  of  the  oceanic  basin. 
Pre-Mesozoic  conditions  of  intrusion,  when  better  known,  may  shed  more 
light  on  the  relations  of  particular  zones  to  continental  elements.  To  a 
great  extent  they  still  evade  analysis,  but  not  entirely. 

The  general  structure  of  Alaska  has  been  briefly  described  as  consist- 
ing of  a  narrow  positive  element,  the  Yukon  plateau,  and  two  zones  of 
folding,  the  one  on  the  margin  of  the  North  Pacific,  the  other  on  the 
edge  of  the  Arctic  negative  element.  The  southern  is  a  region  of  intense 
folding,  the  northern  a  belt  of  moderate  compression,  as  might  be  ex- 
pected from  the  relative  magnitudes  of  the  two  elements.  Since  an  early 
Paleozoic  date,  at  least,  a  similar  relation  has  existed  between  intrusive 
activities  on  the  southern  and  northern  sides  of  the  peninsula.  The  dis- 
tribution in  time  and  place  can  be  made  out  from  the  correlation  table 
and  general  comments  by  Brooks.*  It  appears  that  the  zone  between  the 
rising  Yukon  element  and  the  sinking  Pacific  basin  was  iii  Devonian, 
Carboniferous,  and  Mesozoic  times  the  scene  of  pronounced  intrusion  and 
extrusion. 

Attention  is  called  particularly  to  the  Mesozoic  intrusion  of  the  great 
granodiorite  bathylith  which  extends  from  Alaska  to  southern  British 
Columbia  and  which  ranks  among  the  stupendous  events  of  Cordilleran 
historv.  The  relation  of  the  mass  to  the  ancient  elements  of  the  conti- 
nent  and  to  their  marginal  zone  after  they  became  united  is  apparent. 

I  conclude  that  the  older  Cordilleran  intrusions  in  some  degree  exhibit 
relations  to  the  separate  positive  and  negative  elements,  but  that  the  late 
Mesozoic  and  Tertiary  eruptions  are  phenomena  which  can  be  explained 
on  this  theory  only  by  contrasting  the  united  mass  of  the  western  North 
America  with  the  suboceanic  mass  beneath  the  Pacific. 

The  Mexican-Isthmian  extension  of  the  continent  may  possibly  Ihj 
homologous  with  Alaska,  may  consist  of  a  positive  nucleus,  which  is  com- 
pressed between  the  Pacific  and  Gulf  negative  elements.  If  so^  the  old 
land  area  extended  from  Guatemala  through  Oaxaca  and  along  tlie  Pa- 
cific coast  toward  Durango;  but  I  have  already  referred  to  the  descrip- 
tions by  Ordonez  and  Sapper,  which  lead  rather  to  the  conclusion  that 
the  pre-Cretaceous  rocks  are  chiefly  metamorphosed  Paleozoics  and  in- 
trusives.  The  great  unconformity  of  the  region,  so  far  as  we  yet  know, 
is  that  at  the  base  of  the  Cretaceous.     The  metamorphosed  rocks  and  in- 


*  A.  H.  BrookB :  Geography  and  geology  of  Alaska.     Professional  paper  no,  45,  U.  8. 
Geol.  Surrey,  1906,  pp.  206  and  250. 
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trusives  were  somewhat  eroded  and  then  sank  under  the  Cretaceoufi  sea 
till  more*  than  20,000  feet  of  limestone  had  accumulated.  This  thickness 
of  organic  sediment  marks  a  Caribbean  deep  and  the  flow  of  a  warm  life- 
bearing  ocean  current  across  it.  The  subsidence  to  so  great  a  depth  after 
considerable  erosion  is  peculiar.  No  well  defined  positive  element  is 
known  to  have  been  equally  depressed  since  the  late  pre-Cambrian,  at 
least. 

Fixing  attention  for  the  moment  on  the  Isthmian  region,  we  may 
recognize  that  it  is  with  reference  to  the  Caribbean  and  Pacific  deeps 
merely  a  narrow  ridge,  comparable  in  position  with  the  Windward  islands 
or  the  ridges  between  the  several  deeps  of  the  West  Indian  archipelago, 
including  those  which  are  submerged.  These  are  but  the  rims  of  great 
deeps,  and  if  the  latter  be  considered  as  corresponding  to  negative  ele- 
ments of  excessive  density,  there  is  scarcely  space  between  them  for  a 
notable  mass  of  deficient  density  equivalent  to  continental  lightness. 
Nevertheless  any  two  adjacent  deeps  are  plainly  not  one,  but  are  separate 
individuals  lying  in  a  mass  whose  density,  though  apparently  less  than 
theirs,  is  probably  greater  than  that  of  the  positive  continental  elements. 

If  we  may  assume  that  each  of  the  heaviest  elements  adjusts  itself 
individually  to  the  stresses  to  which  it  may  be  subjected  (whether  they 
be  directly  those  of  gravitation  or  the  indirect  effects  of  that  force  ex- 
pressed in  tangential  stress),  then  the  zone  between  two  such  elements  is 
liable  to  be  one  of  excessive  pressure,  rising  temperature,  yielding,  eleva- 
tion, relief,  and  melting;  consequently  a  zone  of  intrusive  and  extrusive 
igneous  rocks,  as  well  as  one  of  highly  metamorphosed  sediments.  Such 
a  zone,  it  seems  to  me,  is  that  of  the  Windward  islands,  that  of  the  Isth- 
mus at  least  as  far  north  as  Guatemala,  and  also  that  of  the  Aleutian 
islands,  Alaska.  In  the  absence  of  any  well  defined  positive  element, 
characterized  by  great  unconformities  and  defined  by  marginal  folded 
sediments,  I  am  inclined  to  regard  most  of  Mexico  as  of  the  same  type — 
a  region  whose  isostatic  tendencies  were  negative,  as  compared  with  the 
positive  element  of  Arizona,  but  which  has  lost  its  isostatic  balance  and 
been  overelevated  in  consequence  of  displacement  by  the  denser  bodies 
adjacent  to  it. 

Summary 

This  article  contains: 

(a)  A  statement  of  hypothesis  according  to  which  a  continent  is  com- 
posed of  lighter  and  heavier  bodies,  whose  relative  vertical  movements 
have  to  some  extent  been  in  obedience  to  isostatic  adjustment.  The  dif- 
ferences of  density  are  postulated  as  original  differences,  not  accounted 
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for,  which  were,  however,  more  or  less  effective  in  producing  vertol  dis- 
placements  ao  long  as  the  mechanical  relations  of  the  masses  were  not 
materially  affected  by  tangential  pressure. 

,     .  *^riteria  of  unconformity  and  sedimentation  are  applied  to  an 

ana  ysis  of  North  America  to  distinguish  the  lighter  elements  which  have 

een  land  areas  from  the  heavier  elements  which  have  more  often 

^  ^  ^^^g^d-     The  elements  thus  recognized  are  enumerated  and  de- 

as  positive  (lighter)  and  negative  (denser)  elements. 

V  )    1  ne  effects  of  tangential  pressure  are  considered  in  a  large  way, 

18  recognized  that  North  America  has  been  narrowed  by  compres- 

*    A      ^^  ^       Atlantic  and  Pacific  sides.     The  pressures  are  attributed 

p-seated  sub  oceanic  spread,  and  their  effects  in  modifying  the  rela- 

ti        oi  elevation  or  depression  due  originally  to  isostatic  adjustment  are 
discussed. 

V  )  displacements  of  lighter  and  denser  masses  are  regarded  as  one 
cause  of  variations  of  temperature  and  pressure  to  which  we  may  ascribe 
trie  lornaation  of  igneous  masses,  and  zones  on  which  such  masses  border 
are  discussed  as  favorable  places  for  the  development  of  intrusive  and 
extrusive  bodies.  The  courses  taken  by  igneous  bodies  rising  toward  the 
surface  are  in  some  degree  directed  by  the  thrust  planes  set  up  in  conse- 
quence of  tangential  movements,  and  the  distribution  of  bathyliths  and 
volcanics  is  accordingly  modified,  as  in  the  Cordillera. 

The  resultant  conclusion  is  that  the  dominant  geologic  phenomena  of 
the  history  of  North  America  are  in  accord  with  the  view  that  the  conti- 
nent consists  of  heterogeneous  elements,  which  primarily  exhibited  more 
or  less  simple  isostatic  relations,  but  which  in  consequence  of  tangential 
pressure  and  igneous  intrusion  are  no  longer  in  close  isostatic  adjustmeht 
among  themselves,  although  the  composite  continental  plateau  as  a  whole 
apparently  is  in  equilibrium  with  the  adjacent  ocean  beds. 
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Intboduction 


I  went  to  Norway  in  the  summer  of  1904  to  familiarize  myself  with 
the  work  in  modifying  topographic  forms  that  the  largest  ice  sheet  in 
Europe  is  doing.  This  is  the  Jostedalsbrae,  the  word  brae  meaning  any 
permanent  sheet  of  snow  or  ice,  moving  or  stagnant,  level  or  inclined.  It 
has  an  area  of  360  square  miles,  and  lies  between  the  heads  of  Northfiord 
and  Sognefiord,  distant  from  the  Atlantic  60  and  90  miles  respectively 
by  those  fiords,  at  an  elevation  of  about  one  mile  above  them.  I  visited 
this  ice  sheet  by  the  Northfiord  because  the  Olden  and  Loen  lakes  at  its 

*  Manuscript  received  by  the  Secretary  of  the  Society  from  the  censor  September  10, 
1907. 
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head  lie  close  under  the  edge  of  the  ice,  though  themselves  only  150  feet 
above  the  sea,  amid  scenery  that  Bichter  has  called  the  most  characteristic 

in  Norway. 

I  did  not  find  the  Xorth- 
fiord  the  steep-sided  canyon 
that  I  expected.  The  country 
about  it  is  high— 3,000,  4,000, 
and  5,000  feet  above  the  water. 
The  water  is  deep,  in  some 
places  1,800  feet,  and  the 
width  is  hardly  so  great  as  3 
miles  anywhere  in  the  60  miles 
of  length.  The  side  slopes, 
however,  are  rarely  more  than 
30  d^rees.  The  appearance 
is  of  mountain  rather  than  of 
canyon  scenery.  This  is  typ- 
ically shown  by  figure  2,  plate 
40,  looking  out  into  the  fiord 
from  its  head  at  Loen.  The 
same  scenery  characterizes  the 
other  two  great  fiords,  Sogne 
and  Hardanger. 

The  Northfiord  has  no 
walls  of  rocks,  rising  steeply, 
smoothed  and  striated  by  the 
ancient  glaciers.  Cliffs  are 
seen,  but  they  are  not  charac- 
teristic. At  the  head  of  the 
fiord,  however,  its  valley  forks 
and  leads  back  some  15  miles 
along  the  Olden  and  Loen 
lakes  in  gorges  of  astonishing 
depth  and  steepness  of  rocky 
wall.  Here  slopes  of  70  and 
80  degrees  are  frequent  under 
the  valley  shoulder.  The  cross- 
*  ^section  here  excels  that  of  the 
Colorado  canyon  in  narrow- 
ness and  depth.    The  ice  ac- 

-West  Norway  and  the  Three  great  i    . «  ^     xi.        y     x  ji  i 

fu^d^,  cumulations    of    the   Jostedal 
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plateau  are  disposed  of  by  melting  and  plunging  over  the  cliffs  in  numer- 
ous streams,  by  falling  bodily  over  the  cliffs  at  more  than  a  hundred 
points — ^the  so-called  glaciers  of  the  second  class — and  in  more  than 
twenty  great  toilgues  of  ice  that  cascade  into  the  chasms  at  the  fiord 
head.    Two  of  these  enter  each  of  the  lakes  named  above. 
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FiQUBB  2. — The  Loen  and  Olden  Lakes. 


The  Tongues  of  the  Jostedal  Ice  Sheet 

kjbndalb  glacier 

Three  miles  above  the  head  of  Loen  lake,  Kj^ndalsbrae  in  part  falls 
over  a  cliff  of  rock,  in  part  flows  down  a  steep  incline.  Below,  it  gathers 
again  into  a  true  glacier  on  a  gentle  slope.  Its  erosional  effects  are  very 
disappointing.    There  is  no  moraine.    The  ice  point,  which  is  about  100 


416         M.  JEPFEBfiOK — GLACIAL  EROSION  IN  THB  NORTHFIORD 

feet  high,  rests  on  the  boulders  of  the  valley  floor,  xmencumbered.  Of 
late  years  the  ice  has  been  retreating.  About  a  mile  from  the  ice  is  a 
line  of  moraine,  shown  in  figure  1,  plate  40.  It  contains  no  fine  ma- 
terial ;  only  boulders  like  a  large  but  discontinuous  ston^  wall.  The  dif- 
ference of  vegetation  on  the  up  and  down-stream  sides  is  more  striking 
than  the  wall  itself.  Plainly  the  glacier  stood  here  not  many  years  ago. 
The  lower  ledges  for  500  yards  along  the  valley  are  somewhat  smoothed, 
yet  have  not  that  degree  of  smoothing  that  we  are  accustomed  to  associate 
with  glaciers  and  which  we  see  on  the  weather-stained  ledges  of  this  same 
valley  farther  down  or  at  this  same  point,  about  1,000  feet  above  the  valley 
floor.  One  ledge  that  was  only  100  feet  in  front  of  the  ice  and  very  prob- 
ably covered  by  it  last  year  or  the  year  before  was  very  much  shattered 
and  its  points  rather  bruised  than  rounded.  Glaciated  pebbles  such  as 
abound  in  our  tills  were  not  found.  The  best  had  only  the  rudest  sort  of 
rounding.  Pebbles  there  were  innumerable,  but  mostly  as  sharp  and 
angular  as  if  they  came  from  a  stone  quarry.  The  freshness  of  all  rock 
surfaces  and  the  abundance  of  fragments,  large  and  small,  showed  that 
erosion  is  going  on ;  the  sharpness  of  all  fragments  and  the  shattering  of 
the  ledges  suggested  plucking  rather  than  grinding.  The  rock  is  a  hard 
gneiss.  This  ice  tongue  makes  its  mile  of  descent  in  about  three  miles, 
and  faces  north.  The  water  that  flows  from  the  ice  is  of  a  greenish 
milkiness,  like  that  of  the  Loen  lake  and  the  head  of  the  fiord  itself. 

BRIXDAL8  GLACIER 

About  10  miles  from  Kjendals  over  the  ice  sheet,  Brixdalsbrae  (plate 
41)  descends  toward  the  west  into  the  head  of  the  Olden  valley  in 
a  continuous  slope  from  the  towering  Jostedalsbrae  above  to  a  level 
960  feet  above  the  sea,  unbroken  by  any  cliff.  It  is  therefore  much 
cleaner  in  its  lower  part  than  the  Kjendalsbrae,  which  contained  many 
blocks  of  stone.  At  Brixdals  there  were  none.  This  glacier  is  actively 
grinding  and  polishing  its  bed  and  shaping  its  boulders  and  pebbles. 
Along  the  whole  2^4  miles  that  its  valley  reaches  back  from  the  main 
Olden  valley,  the  abundant  boulders  are  rounded  and  glacially  planed. 
At  the  head  of  the  main  valley,  too,  lies  an  ice  tongue,  the  Maelkevolds- 
brae.  A  little  below  the  junction  of  the  two  valleys  is  an  old  moraine 
of  enormous  angular  blocks,  black  with  weather.  I  estimate  some  of 
them  at  40  feet  on  an  edge.  All  the  detritus  is  black  and  weathered  to 
within  2  miles  of  the  ice;  thence  fresh,  gray,  and  unweathered  as  at 
Kjendals.  Glaciated  boulders  a  foot  or  more  in  diameter  are  easily 
found ;  smaller  ones  are  not  so  abundant  and  show  no  strise,  owing  prob- 
ably to  the  granular  character  of  the  rock. 
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a   recent  retreat  of  the  tee  front 
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BRIXDALS  AND  BAETBR  GLACIERS  -,       417 

There  is  no  moraine  at  the  ice  front.  It  rests  for  the  most  part  on 
clean  ledge;  so  at  the  sides  one  sees  the  ice  quite  clean  and  free  from 
ground  moraine  where  it  projects  over  points  of  rock.  At  such  places  the 
ice  is  grooved  to  take  the  shape  of  the  ledge,  and  fragments  of  rock, 
ground  to  the  consistency  of  coarse  sand  and  gravel,  lie  in  front.  At  the 
places  where  this  was  observed  the  ice  had  not  50  feet  of  thickness.  The 
thickness  of  the  middle  of  the  tongue  was  estimated  at  240  feet  by  aneroid 
measurement  on  the  rocks  above  and  at  its  base.  There  is  not  merely  a 
greater  thickness  of  ice,  but  the  thrust  from  above  caused  greater  effect 
here  than  at  Kjendals. 

The  ledges  at  Brixdal  are  of  gneiss  in  layers  that  slope  10  or  15  de- 
grees toward  the  glacier.  In  ascending  these  layers  a  good  deal  of 
polishing  has  been  done,  sufficient  to  cause  the  morainal  boulders,  sand, 
and  gravel  that  rest  loosely  on  them  to  slip  readily.  These  surfaces  are 
distinctly  striated  all  over.  I  should  think  the  ice  must  have  passed 
over  them  even  last  year,  to  judge  by  the  precarious  attitude  of  this  stuff 
and  the  crusty  clinging  together  of  the  coarse  sand.  There  is  no  other 
definite  moraine  in  the  valley  than  the  huge  blocks  referred  to.  Neither 
here  nor  at  Kjendals  was  seen  any  equivalent  to  the  clay  of  our  tills. 
Coarse  sands  were  seen  in  the  streams  and  the  waters  are  milky  greenish, 
doubtless  with  matter  held  in  suspension,  but  it  is  not  perceptibly  clearer 
at  the  outlets  from  the  Olden  and  Loen  lakes,  though  these  are  8  or  10 
miles  long.  Penck  (1879)  noted  this  absence  of  terminal  moraines  in 
some  Scandinavian  glaciers  visited  by  him,  and  pointed  out  that  what  is 
present  is  often  not  really  terminal  moraine  at  all,  but  merely  lines  of 
boulders  thrust  together  from  the  valley  floor  at  times  of  glacial  advance. 
This,  however,  is  not  always  the  case. 

BAETBR  GLACIER 

Northeast  of  the  Kjendalsbrae,  at  a  distance  over  the  ice  and  moun- 
tains of  about  4  miles,  is  the  Sacterbrae,  ending  2,000  feet  above  the  sea 
in  the  canyon-like  B^dal  valley  by  which  it  must  be  approached  from 
Loen. 

The  floor  of  the  valley  is  of  fine  gravel,  ascending  pretty  regularly  for 
3  miles  from  the  lake,  when  it  begins  to  flatten  and  give  place  to 
meadows  lying  between  lines  of  real  terminal  moraine.  Both  times  I 
visited  them  it  was  raining  hard,  but  they  seem  real  moraine  to  me,  con- 
tinuous ridges  of  dirt  and  stones  running  across  the  valley  in  long  lines, 
some  of  them  30  feet  high.  I  have  seen  neither  planed  nor  striated  peb- 
bles in  them,  nor  clays.  In  the  brook  in  this  valley  I  found  the  finest 
and  softest  sand  deposits  of  the  region. 
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The  glacier  descends  to  the  northward  like  the  Ejendalshrae,  is  con- 
tinuous,  of  gentle  descent,  very  dirty,  symmetrically  crevassed,  and 
seemed  to  have  something  like  a  lateral  moraine  of  gravel  along  its  east 
side,  though  this  was  only  glimpsed  through  cloud  and  mist.  The 
crevassing  of  the  ice  front  gives  it  a  jagged  outline,  within  many  of 
whose  notches  lay  tiny  lakes.  The  ice  lay  on  gravel  free  of  moraine  at 
the  present  front.  No  ledge  is  visible  at  any  point  of  the  valley  floor; 
but  the  brook,  cutting  deeply,  about  2^4  miles  up  from  the  valley  mouth 
encounters  ledge  far  below  the  floor,  which  is  here  represented  by  grassy 
benches  above. 

The  Hanging  Valleys 

rbfbrbkcb  to  orioin  of  hanoiyq  vallb78 

As  I  understand  the  view  of  hanging  valleys  current  in  this  country, 
they  are  tributary  valleys  whose  floors  are  high  above  the  main  valley 
floor  at  or  very  near  the  point  of  junction,  a  small  tributary  glacier 
eroding  its  valley  less  than  the  greater  one  in  the  main  valley.  There 
seems  to  be  implied  the  condition  that  they  lead  from  catchment  areas 
smaller  than  those  supplying  the  main  valley.  They  have  themselves 
been  eroded  by  the  ice  tongue  from  this  small  nev6  field.  Their  'Tiung 
up"  character  is  thought  to  result  from  the  difference  in  erosive  power 
in  the  two  valleys.  The  level  of  their  mouths  would  seem  to  be  fixed 
by  the  magnitude  of  the  ice  stream  that  they  contain.  It  is  not,  there- 
fore, necessary  that  adjacent  ones  lie  at  the  same  height  above  the  valley 
floor.  Throe  side  valleys  of  this  sort  seem  to  occur  near  the  head  of  the 
Xorthfiord  (sec  figure  2).  Afore  numerous  examples  occur  of  the  Iwt- 
ner  (or  cirque)  type,  draining  only  their  own  area,  with  no  neve  field 
behind,  and  eating  headward  into  the  mountain  side  at  about  the  level 
of  the  snow-lino,  and  some  of  them  long  and  valley-like. 

OVBR  BODAL 

Xoar  tlio  Saotor])rae  hangs  what  seems  to  be  a  small  tributary  valley, 
its  moutli  sovoral  hundred  feet  up  the  valley  wall.  It  is  floored  with 
an  alternation  of  bog  and  lee-and-stoss-shapod  ledges,  excellently  gla- 
ciated. Into  it  descend  the  glaciers  from  Lodalskaupe.  The  stream 
on  its  floor  has  done  little  cutting.  It  very  likely  received  less  ice 
than  the  main  valley,  which  comes  from  the  great  snowfield  more  directly. 
I  have  not  visited  tlio  end  of  the  valley,  which  was  hidden  in  rain  and 
mist  the  day  of  my  visit,  but  it  is  shown  on  the  maps  to  contain  a  lake. 
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This  is  in  contrast  to  the  other  hanging  valleys  of  the  region.    All  the 
others  have  gravel  filling  for  floor. 

PRAB8TBDAL 

This  has  a  strong  notch  cut  back  by  its  stream  to  a  valley  floor  2,000 
feet  above  the  sea.  It  opens  on  an  amphitheater  at  Invik  on  the  fiord 
about  7  miles  west  of  Loen.  Its  floor  extends  3  or  4  miles  from  the  lip 
to  head,  in  a  wall  of  rock  under  Cecilienkrone.  There  is  no  glacier  in  the 
valley — only  the  botners  that  have  burrowed  into  its  wall,  high  up  on 
the  south  side.  Under  these  descend  long  talus  slopes  to  the  boggy 
meadow  of  the  valley  floor.  The  point  where  the  stream  leaves  the 
upper  valley  was  apparently  a  line  of  old  gravel  moraine  which  laked  the 
upper  valley  and  brought  about  its  fllling  until  the  moraine  is  fairly 
buried.  Along  the  crest  of  this  moraine  now  stands  a  line  of  saeters  or 
summer-pasture  dwellings.  The  surface  of  the  valley  is  a  pure  red  peat, 
which  colors  all  the  small  streams  strongly.  The  main  river  has  cut 
through  it  and  flows  beautifully  clear  on  a  bed  of  gravel. 

The  amphitheater  at  Invik,  on  which  Praestedal  opens,  has  several 
distinct  terraces,  the  highest  about  600  feet  above  the  sea.  In  this  valley, 
too,  the  only  ledge  is  that  revealed  deep  in  the  cut  made  by  the  stream. 
The  valley  does  not  head  toward  a  continuous  upland,  but  toward  the 
deep  Olden  valley,  hardly  a  mile  distant  from  its  head.  It  is  diflScult  to 
regard  it  as  a  tributary  valley  to  the  Northfiord  from  this  fact,  that  it 
does  not  lead  toward  it  from  a  possible  n6ve  field. 

The  most  striking  hanging  valleys  of  the  region  are  the  three  on  the 
northeast  side  of  the  valley  of  Loen  between  Loen  and  Bj^dal.  Of  these 
Tjugedal  overhangs  the  140-foot  terrace  of  Loen  and  the  valleys  of 
Brengsnaes  and  Hogrending  (B  and  H  on  figure  2)  overhang  the  Loen 
lake.  They  open  out  on  the  steep  valley  wall  at  elevations  of  about 
1,800  feet. 

VALLEY 8  OVER  BRENGSNAES  AND  HOORENDINO 

These  were  only  seen  from  below  in  repeated  trips  up  and  down  the 
lake,  and  once  from  a  point  about  1,700  feet  up  on  the  opposite  valley 
wall.  They  attract  attention  by  the  volume  of  water  that  they  send 
down  the  steep  clififs.  To  judge  from  these  distant  views,  both  have  their 
floors  filled  with  gravel,  from  which  rise  long  slopes  of  gravel-like  talus. 
The  streams  flow  in  notches  in  these  gravel  floors.  From  the  opposite 
wall  I  estimated  the  elevation  of  the  Brengsnaes  valley  at  1,900  feet,  that 
at  Hogrending  at  1,800.  To  judge  from  the  map  and  what  can  be  seen 
from  below,  which  is  not,  of  course,  a  satisfactory  way  to  study  such 
forms,  the  two  are  good  illustrations  of  hanging  valleys  that  have  orig- 


420         M.  JEFFERSON GLACIAL  EROSION  IN  THE  NORTHFIORD 

inated  in  the  way  alluded  to  as  the  current  explanation.  They  do  not 
seem  to  head  against  eliflfs,  but  to  slope  gently  back  to  the  outlying  fields 
of  the  Jostedals  glacier,  tongues  of  which  lie  in  them  up  toward  an  eleva- 
tion of  5,000  feet.  They  were  tributary  valleys  because  fed  only  by  this 
outlying  snowfield,  which  could  never  supply  an  ice  stream  of  the  volume 
delivered  into  the  main  valley  by  the  great  nev6  field. 

TJUGBDAL 

This  valley  was  visited  and  four  days  spent  in  its  study  and  that  of  the 
neighboring  cliffs.  It  opens  on  the  valley  wall  at  a  height  of  about  1,700 
feet,  the  stream  coming  down  abruptly  on  ledge  from  1,400,  visible  in 
repeated  foaming  falls,  but  between  retiring  into  deep  recesses  carved  in 
the  rock.  At  the  valley  mouth  the  water  runs  deep  cut  into  the  rock, 
with  long  slopes  of  bare  gravel  leading  up  some  hundreds  of  feet  to 
benches  on  right  and  left.  This  material  resembles  a  loose  till,  yet  has 
no  striae  or  certain  planing  on  the  pebbles,  and  the  sections  visible  were 
all  open  to  suspicion  of  slipping.  All  up  the  valley  the  stream  was 
deeply  cut  in  these  gravels.  They  do  not  give  a  plane  valley  floor,  but 
one  concave  to  the  sky  in  cross-section.  The  long  section  is  convex, 
descending  at  a  slope  of  5  degrees  in  its  upper  part,  which  has  increased 
to  15  degrees  at  the  mouth  of  the  valley.  Here  the  plunge  is  made  down 
a  descent  so  strong  that  although  a  path  has  been  cut  zigzagging  up  it,  it 
is  still  one  of  the  most  toilsome  climbs  of  the  region  (plate  41,  figure  2). 
Three  miles  back  the  valley  heads  up  at  a  cirque  wall,  its  foot  at  3,500  feet 
and  the  crest  600  or  700  feet  higher. 

8KAALA  GLACIERS 

On  the  south  the  lofty  knife-edge  of  Skaala  overhangs  at  6,500  feet, 
descending  by  strong  black  cliffs  to  twin  botner  glaciers.  These  are  set 
deep  into  the  mountain  mass,  and  by  their  bowl  form  give  it  the  name 
{skaal  =^ho^A) ,  Their  huge  moraines  form  a  terrace  on  the  south  side 
of  the  valley  floor.  At  the  valley  head  lies  a  snowfield  about  a  mile  long, 
1)ut  stagnant,  with  beautifully  clear  water  issuing  from  the  stones  be- 
neath its  lower  edge  and  forming  there  a  tiny  lakelet.  The  surface  of 
this  snowfield  inclines  toward  a  low  point  near  its  center,  with  an  appear- 
ance of  flowing  in  from  all  sides.  The  gurgle  of  running  water  is  heard 
underneath  at  many  points.  Xo  ledge  is  visible  here  save  in  the  walling 
cliffs  and  in  the  deep  cut  made  by  the  stream.  There  are  lines  of  mo- 
raine across  the  valley.  There  is  no  abrupt  change  of  slope  from  valley 
floor  to  rock  wall.  It  is  not  impossible  that  the  filling  is  largely  talus 
from  the  valley  sides.     Vegetation  in  the  form  of  deep  mosses,  heaths. 
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and  an  occasional  dwarf  willow  abounds  well  up  toward  4,000  feet.    The 
birches  were  all  left  below  the  valley  mouth. 

Botner  glaciers,  usually  longer  than  wide,  abound  in  this  region  at 
elevations  above  4,000  feet  and  northerly  exposure.  They  have  no  ap- 
pearance of  being  remnants  of  former  tributary  valley  glaciers,  but 
appear  to  have  originated  as  patches  of  ice  on  the  mountain  side.  They 
gave  me  a  distinct  impression  of  eating  into  the  mountain  side  as  a 
strong  acid  might  eat  into  iron.  They  are  strikingly  contrasted  to  the 
tongues  of  the  great  Jostedal  ice  sheet  in  possessing  enormous  moraines 
at  their  lower  ends.  These  moraines  are  often  greater  in  bulk  than  the 
mass  of  ice  that  seems  to  have  made  them.  This  is  true  of  the  Skaala 
glaciers  of  Tjugedal  (figure  2,  1  and  2).  They  lie  side  by  side  on  the 
mountain  side  like  a  pair  of  spectacles,  a  huge  pillar  of  black  rock  rising 
nose-like  between  them.  They  measure  about  1%  miles  from  extreme 
east  to  west  and  half  a  mile  or  so  from  front  to  back.  The  rock  behind 
rises  a  thousand  feet  in  a  precipice  whose  lowest  part  is  the  freshest  and 
steepest,  as  if  the  ice  had  lately  and  suddenly  sunk  into  the  rock.  Below, 
the  two  run  together  again  near  the  elevation  of  4,000  feet.  Isolated 
under  the  ice  foot  is  another  snow  mass  of  conic  form,  the  result  of 
summer  avalanches.  The  moraines  are  of  great  volume  and  moss- 
covered  and  much  weathered  in  the  outer  parts,  which  have  the  form  of 
wall  or  rampart,  while  those  nearer  the  ice  are  fresh  and  unweathered. 
Gravel  makes  the  greater  part  of  these  moraines,  but  large  stones  are 
not  uncommon  in  the  upper  part.  One  was  found  18  inches  long,  well 
planed  and  striated,  and  a  number  show  traces  of  glaciation ;  but  this  is 
not  characteristic.  Clay  is  not  present.  Even  in  the  plain  of  deposit 
which  the  stream  is  building  within  the  lines  of  moraine,  the  finest 
material  is  but  a  gritty  sand.  In  the  main  Tjugedal  stream,  however,  I 
found  a  very  fine  deposit  on  the  stones. 

The  crest  of  Skaala  above  the  glaciers  is  a  ridge  about  60  paces  wide 
and  1,200  long,  falling  steeply  on  the  south  side  also  to  an  outlying  field 
of  the  great  ice  sheet.  The  snow  supply  of  the  Skaala  botner  glaciers 
does  not  come  to  it  from  the  mountain  above,  but  is  limited  to  what  falls 
on  their  surfaces.  Viewed  from  across  the  valley,  these  and  similar 
glaciers  look  like  the  work  of  some  great  burrowing  animal,  the  moraine 
representing  the  excavated  stuil  lying  in  front  of  the  burrow.  A  little 
west  of  these  lies  another  botner  (3,  figure  2)  on  the  south  wall  of  Tjuge- 
dal, but  without  a  glacier,  its  foot  at  3,500  feet.  The  snowline  of  the 
Loen  region  is  near  5,000  feet,  varying  a  good  deal,  of  course,  for  local 
reasons  of  slope  and  exposure ;  but  there  are  no  bare  areas  of  importance 
above  that  level. 
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The  Skaala  gi^cier^,  facing  norxhwzrd^  reach  down  beknr  4,500  feet. 
Above  4/X'O  feet  water  rarelj  niiis.  A  little  patch  of  mow  lay  at  the 
back  of  thi^  sec^^nd  botner.  behind  the  lakelet  of  its  loek  basiii,  but  is 
probar'j  not  perenniaL  This  botner  is  the  lowl  of  little  Skaala  through 
which  the  asoeat  to  the  cre?t  of  the  mo^Tintain  is  made.  Most  of  its  floor 
i5  orx'JDied  bv  an  eitensire  £eld  of  broken  stones,  naked  and  somewhat 
weather  gtained,  tinkler  which  water  is  heard  running.  This  is  in  part 
fro^t-shattered  k-^lge,  in  part  moraine  from  another  botner  that  opens 
into  it  behind  and  alxjve.  There  is  no  moraine  at  the  botner  month,  nor 
resting  place  for  it  short  of  the  valley  floor.  1,500  feet  below. 

Over  acTOss  the  Tjusre^lal  vallev.  on  the  northern  border  of  the  snow- 
field  that  lies  near  its  head,  an  abmidant  tains  of  fine  rodrr  fragments 
re«ts  against  a  strong,  firm  cliff  of  gneiss.  From  below  one  sees  nothing 
but  l^re  cliff  ah^^ve.  but  from  the  opr>'"jr:ite  crest  of  Skaala  two  botner 
glaciers  are  se«.'n  to  lie  just  over  the  shoulder  of  the  valley  wall.  The 
Skaala  Ixitners  would  probably  overhang  the  valley  by  several  hnndred 
feet  if  the  ice  were  out  of  them,  as  the  two  on  the  north  side  are  over 
1,000  feet  np  and  the  little  Skaala  a  goo^l  1.5W,  having  been  excavated 
probably  when  the  snowline  lay  600  or  700  feet  lower  than  now.  Here, 
then,  are  hanging  valleys  that  have  orisrinated  by  excavation  at  various 
times  and  heights  in  the  walls  of  a  valley  already  excavated. 

HE  AD  WARD  EROSIOS  OP  HASOISa  T ALLEYS 

Tjugedal  itself  can  hardly  have  any  other  explanation.  It  is  not  the 
valley  through  wliich  a  snowfield  drained.  There  is  no  snowfield  at  its 
head.  Like  the  Praest^nlal,  it  heads  against  a  thin  wall  of  rock  that 
alone  separates  it  from  the  deep  valley  of  Stnra.  The  snow  and  ice  that 
passed  through  it  have  always  been  what  fell  within  its  walls.  Some  ice 
may  have  caK-aded  into  it  once  by  the  valleys  of  little  Skaala,  but  this 
entered  near  the  mouth,  and  can  not  have  helped  greatly  in  the  excava- 
tion of  the  vallev,  and  it  is  likelv  that  at  the  time  the  snowline  was  low 
enough  to  fill  the  main  vallev  with  ice  the  stepped  botner  valleys  in  the 
Hides  of  Tjuge<lal  were  not  yet  existent. 

It  is  not  inconceivable  that  some  weakness  of  rock  structure  may  have 
guided  headward  erosion  along  it  while  the  snowline  was  rising  from  the 
1,800-foot  level  represented  at  the  mouth  to  the  3,500  one  at  the  head 
wall  by  the  process  of  sapping  at  the  contact  of  ice  and  rock  in  the  zone 
of  constant  freezing  and  thawing.  Such  a  process  shotdd  cause  a  botner 
to  widen  as  well  as  deepen,  as  each  wall  should  recede,  and  this  process 
is  at  work  on  the  Norwegian  plateau  today,  reducing  every  summit  that 
projects  above  the  general  level,  as  Bichter  has  pointed  out.    The  Skaala 
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and  Lodalskaupe  are  good  examples  in  the  Loen  region  of  fragments  still 
surviving  this  form  of  attack.  Headward  erosion  by  this  process  seems 
only  possible  in  a  valley  if  there  be  an  axial  weakness  to  work  along. 
Had  the  process  gone  a  little  farther  the  head  wall  must  have  broken 
down  and  a  high  level  cross-canyon  resulted  between  the  valleys  of  Loen 
and  Stryn.  The  interest  of  this  possibility  is  in  the  abundance  of  cross- 
fiords  and  valleys  in  west  Norway  and  the  diflSculty  of  explaining  them 
on  a  scheme  of  pure  ice  erosion.  In  the  Bergen  region,  where  these  are 
very  systematically  developed  at  right  angles  to  the  line  of  continental 
glaciation,  the  geologic  map  shows  the  cross-valleys  are  typically  the  out- 
crops of  sedimentaries  and  other  apparently  weaker  rocks  among  the 
gneisses. 

The  easiest  botner  to  visit  in  Norway  lies  in  the  outskirts  of  Bergen, 
overhanging  the  Svartediget  precisely  on  the  line  of  an  outcrop  of  fine- 
grained quartzose  gneiss  mapped  by  Doctor  Kolderup  (1902)  as  far  as 
the  opposite  wall  of  the  valley,  and  declared  by  him  certainly  a  sediment. 
The  layers  stand  vertical  at  the  lip  of  the  botner  and  are  axial  to  it. 
Bergen  itself  lies  in  a  ten-mile-long  valley  a  thousand  feet  deep  in  the 
upland,  but  curving  i^round  in  a  crescent  along  an  outcrop  of  Silurian 
rocks  starting  from  and  returning  to  the  sea.  Such  valleys,  when  their 
floors  are  under  water,  are  as  much  fiords  as  those  that  run  from  the  land 
seaward  and  as  characteristic.  That  these  have  sometime  ended  in  a 
botner  amphitheater  of  rock  is  an  assumption;  but  the  valleys  described 
do,  and  a  continuation  of  activities  that  have  not  entirely  ceased  in  these 
valleys  would  certainly  make  of  Praestedal  and  Tjugedal  cross-valleys 
such  as  abound. 

It  is  reasonable  to  suppose  that  Tjugedal  may  once  have  served  as  a 
partial  outlet  valley  for  the  ice  of  the  Skaala  outlier  of  the  Jostedal 
glacier,  much  as  the  valleys  over  Brengsnaes  and  Hogrending  seem  to  do 
today,  but  the  valley  of  that  day  must  have  lacked  the  botner  head  that 
characterizes  it  now,  and  its  length  was  less  by  all  that  headward  erosion 
has  given  it  since. 

The  corrosive  attitude  of  the  ice  as  it  lies  on  these  uplands  is  nowhere 
better  exemplified  than  in  the  mountain  on  the  border  of  Stryn  lake,  a 
little  north  of  the  Tjugedal.  As  seen  from  Hjelle,  across  the  lake,  the 
snow  lies  sunken  into  the  mountain  top  as  if  in  the  crater  of  a  volcano — 
an  appearance  often  seen  in  the  arctic  regions.  The  details  of  this  sort 
of  erosion  have  been  cited  by  Eussell  (1887)  from  Lorange.  A  similar 
aspect  is  present  in  the  Hellsaeterbrae  (HI,  figure  2)  on  L^en  lake 
(figure  1,  plate  41),  which  falls  in  huge  masses  from  a  cliff  summit 
4,000  feet  above  sealevel  into  two  snow  cones.     The  upper  one  is  sinking 
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into  a  pit  on  the  mountain  side,  whence  flows  the  stream  that  has  built 
the  huge  fan  of  excavated  material  on  the  shore  of  the  lake;  the  lower 
caps  the  fan  with  snow-ice  from  the  cone  above.  The  falling  of  water 
has  doubtless  aided  here  in  digging  the  pit.  All  along  Stryn  lake  bot- 
ners  are  seen ;  all  along  the  Northfiord  they  are  sighted,  not  remnants  of 
valley  glaciers,  but  pockets  of  ice  eating  their  way  into  the  mountain. 

Origin  of  Botner-like  Fiord  Heads 

The  fiord  heads  themselves,  in  which  lie  the  great  ice-tongues  from  the 
Jostedal  glacier,  head  up  in  the  same  amphitheater  form.  Plate  42  shows 
[sic]  this  for  the  Brixdalsbrae ;  Kjendals,  Kvandals,  and  the  Maelke- 
voldsbraes  show  the  same  thing.  The  headward  branches  of  the  North- 
fiord  are  three  or  four  thousand  feet  deep  within  a  mile  or  two  of  the 
great  ice  sheet  on  the  plateau.  It  is  difficult  to  think  of  the  erosion  of  a 
sixty-mile-long  canyon  by  a  plucking,  grinding  ice  stream  in  this  extra- 
ordinary form,  almost  equally  deep  from  mouth  to  source.  The  width 
has  diminished  by  a  half  or  two-thirds  from  sea  to  head,  the  depth  but  a 
fourth  to  a  third. 

Richter  (1896)  has  pointed  out  that  the  process  of  carving  the  great 
fiords  is  quite  different  from  that  by  which  Alpine  valleys  have  been 
made,  and  refers  most  of  their  excavation  to  the  interglacial  periods. 
The  ice  river  below  carried  off  the  fragments  that  frost  and  other  sul)- 
aerial  agents  strip  from  the  walling  cliff,  and  a  stagnating  ice  sheet  above 
mainly  served  to  protect  the  plateau  surface  from  erosion.  These  were 
the  agents  at  work  when  the  ice  was  diminishing  after  a  period  of  in- 
tense glaciation.  These  conditions  are  still  present  at  the  fiord  heads. 
The  material  excavated  here  is  sufficient  to  make  a  flat  filling  that  floors 
the  head  of  the  valley  to  unknown  depths — spread  out  thus  in  the  enor- 
mous volumes  of  water  that  issue  from  the  melting  ice. 

Erosion  on  Lopjeld 

Some  notion  of  the  style  of  erosion  that  is  going  on  beneath  the  ice- 
sheet  may  be  had  by  examining  lower  border  parts  of  the  upland  from 
which  the  loe  has  now  withdrawn.  The  only  place  at  which  this  was 
done  was  the  mountain  top  that  overhangs  Loen,  the  Lof  jeld,  the  part  of 
the  Skaala  outlier  of  the  Jostedalsbrae  that  lies  west  of  the  Tjugedal. 
It  is  now  bare  of  ice  except  in  a  few  sheltered  spots.  It  has  a  rounding 
summit  at  3,800  feet.  The  crest  is  of  ledges  of  gneiss,  glaciated  from 
south  70  degrees  east  to  north  70  degrees  west.  This  comes  out  in 
rounded  lee-and-stoss  forms.     The  motion  was  parallel  to  the  fiord.     No 
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striae  were  seen^  the  forms  of  the  ledge  being  about  as  much  weathered  as 
the  summits  of  the  Belknaps  at  2,000  feet  elevation  in  southern  New 
Hampshire.  The  lee  side  is  completely  shattered  by  frost  into  a  mere 
heap  of  fragments. 

On  the  stoss  side^  to  north  and  east,  is  a  vast  gray  wilderness  of  shat- 
tered blocks,  mostly  angular  and  none  suggesting  glaciation.  The  rock 
is  not  greatly  weathered.  There  is  none  of  the  solar  eflEect,  the  splitting 
off  of  little  chips  of  surface  rock  revealing  the  fresh  rock  below,  as  the  heat 
of  sunshine  was  following  by  night  radiation  under  a  clear  sky,  which 
is  familiar  on  southern  faces  in  the  Belknaps  and  in  the  drier  south  of 
Norway  near  Kristiansand.  Both  effects  are  probably  much  hindered  by 
the  prevalent  cloudiness  and  abundant  precipitation  characteristic  of  all 
of  west  Norway  north  of  the  sixtieth  parallel. 

At  Loen  but  12  days  of  50  were  clear.  In  Germany  the  summer  of 
1904  was  one  of  great  and  unusual  drouth.  At  Kristiansand  the  heather 
was  withered  and  burned  brown  in  all  the  shallow  pockets  of  the  rocks ; 
at  Loen  there  was  overabundant  precipitation.  It  is  the  custom  at 
Kristiansand  to  cure  hay  on  the  ground.  In  the  glacier  region  it  has  to 
be  hung  on  fences  built  for  its  curing. 

EuNNiNG  Water  and  its  Work 

It  would  be  diflBcult  in  the  Loen  region  to  get  out  of  sight  and  sound 
of  running  water.  There  is  a  point  on  the  Olden  lake  where  one  may 
see  14  considerable  streams  descending  from  heights  of  2,000  or  3,000 
feet,  making  great  leaps  in  the  air,  and  then  disappearing  in  clefts  in 
the  rock.  Below  the  snowline  rock  faces  everywhere  glisten  with  water. 
Level  surfaces  are  either  covered  with  snow  or  wet  and  boggy  with  quak- 
ing peat.    To  leave  the  highway  is  to  put  one's  feet  in  water. 

The  Brengsnaesvoss,  issuing  from  one  of  the  hanging  valleys  of  the 
Loen  lake  to  descend  1,800  feet  of  cliff,  shows  an  extraordinary  feature 
about  1,000  feet  above  the  lake.  From  below  this  appears  as  a  curious 
leap  and  tuft  of  spouting  water,  but  on  ascending  it  is  seen  that  the 
water  has  bored  a  deep  pothole  in  the  rock  and,  falling  into  this,  has 
force  enough  to  leap  again  25  feet  into  the  air  before  turning  far  out 
over  the  cliff,  which  it  does  not  again  touch  for  a  long  distance.  That 
these  streams  cut  actively  is  attested  by  the  very  large  fans  of  detritus 
that  project  into  the  lake  below  them.  That  they  often  glide  over  the 
surface  of  the  rock  without  any  channel  is  a  consequence  of  the  steepness 
of  the  wall.  That  frostwork  is  of  great  effect  may  be  imagined.  Nearer 
the  sea  the  milder  oceanic  climate  deprives  the  water  of  this  effect.    Ber- 
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gen  has  70  inches  of  rain,  but  has  known  no  temperature  under  5  degrees 
Fahrenheit,  and  sheer  cliffs  of  gneiss  there,  as  on  the  face  of  Blaamanden 
1,000  feet  above  the  city  and  fully  exposed  to  the  Atlantic  winds,  stand 
almost  without  talus  at  their  foot,  with  hardly  a  scar  on  the  purple 
weathered  rock. 

XJnweathebed  Detribus 

The  most  striking  evidence  of  the  high  erosive  activity  of  the  Nor- 
wegian streams  is  the  fresh,  light-colored  detritus  that  they  handle.  The 
Northfiord  gneisses  weather  to  a  dull  purplish  red^  being  light  gray  when 
fresh.  Many  of  the  side  tributary  streams,  like  the  Tjugevoss,  carry 
only  gray  boulders,  pebbles,  and  sand  in  their  bed.  As  I  have  already 
stated,  only  fresh  unweathered  rock  is  seen,  either  as  ledge  or  detritus 
for  a  mile  or  two  from  the  glaciers  at  the  heads  of  the  fiord.  Above  the 
snowline  the  frost-shattered  blocks  are  not  thus  fresh.  Discolored  fel- 
spars, with  pink  and  reddish  tints,  are  characteristic,  attesting  a  long 
stay  on  that  spot. 

COKCLUSIOKS 

I  saw  in  the  Northfiord  moderate  evidence  of  a  glacier's  power  to  grind 
its  bed  of  rock  with  rock  fragments  for  tools,  some  hanging  valleys  that 
may  be  the  work  of  tributary  valleys,  as  in  the  current  explanation ;  more 
that  seemed  due  to  the  enormous  headward  erosion  of  botner  glaciers 
near  the  snowline;  great  activity  of  frost  at  aU  levels  away  from  the 
coast  and  of  running  water  below  four  or  five  thousand  feet  above  the 
sea,  operating  to  carry  rock  waste  seaward  so  rapidly  that  it  had  little 
chance  to  weather  during  the  trip. 
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Introduction 


The  geologic  history  of  the  Uinta  region  has  been  described  by  King 
and  Emmons  in  the  reports  of  the  U.  S.  Geological  Exploration  of  the 
Fortieth  Parallel,  and  of  the  eastern  portion  by  Powell  in  his  Geology  of 
the  Uinta  mountains.  For  more  than  30  years  these  reports  have  com- 
prised the  extent  of  our  knowledge  of  this  interesting  section.  Recently 
Berkey  published  in  the  Proceedings  of  this  Society  an  account  of  a 
reconnaissance  in  the  Duchesne  region  and  discussed  the  bearing  of  his 
observations  on  the  stratigraphy  and  structure.  The  40th  Parallel 
geologists  had  studied  the  ranges  of  northern  Nevada  and  Utah,  while 
Powell's  previous  work  had  been  in  the  Grand  canyon  of  the  Colorado  and 
the  plateau  region  of  eastern  Utah.  The  nomenclature  and  correlations 
of  the  two  explorations  varied  considerably. 

Having  taken  part  in  several  reconnaissance  trips  in  Nevada  and  north- 
ern, central,  and  western  Utah  in  previous  years,  I  was  able  during  the 
summer  of  1906  to  extend  this  work  over  the  Uinta  range.  About  six 
weeks  were  devoted  to  this  reconnaissance,  which  extended  from  the 
Wasatch  mountains  along  the  southern  flank  of  the  Uinta  to  the  vicinit)' 
of  A'emal,  Utah ;  thence,  crossing  the  range  to  the  north,  a  side  trip  was 
made  to  Eed  creek,  about  25  miles  east  of  Green  river;  thence,  returning 
westward,  it  followed  the  north  slope  and  around  the  western  end  to  the 
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Btarting  point.     The  route  of  travel  followed  closely  the  strike  of  the 
Paleozoic  strata. 

Geography 

gbnbral  features 

The  Uinta  range  as  an  orographic  feature  is  a  unit.  It  is  a  broad,  anti- 
clinal arch  of  horizontal  or  of  slightly  tilted  strata  25  to  35  miles  in 
width  and  130  miles  in  length.  The  fold  is  not,  however,  wholly  sym- 
metrical, since  there  are  regions  of  faulting  and  abrupt  change  to  steep 
dips.     It  is  limited  on  all  sides  by  Tertiary  strata,  which  abut  against  or 


FiGUBB  1. — Sketch  Map  of  Uinia  Range  and  related  Areas. 

overlap  its  slopes  except  on  the  west,  where  it  is  covered  by  lava  flows 
Its  culminating  peaks  and  ridges  extend  in  an  east-west  direction  along 
the  northern  side  of  the  broad  summit  of  the  arch.  At  the  eastern  end 
the  fold  is  broad,  but  broken  by  sharply  compressed  folds  and  faults, 
while  at  the  western  end  it  narrows  to  a  width  of  10  to  12  miles.  The 
plateau-like  summit  has  been  deeply  dissected  and  eroded  into  jagged 
peaks  and  ridges  having  immense  amphitheaters  at  their  bases,  widening 
out  and  then  closing  into  deep  glacial-cut  canyons  through  the  upturned 
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Paleozoic  and  Mesozoic  beds  which  form  the  anticlinal  slopes.  Its  aver- 
age elevation  is  9,000  to  11,000  feet  and  many  peaks  exceed  13,000  feet, 
the  highest  being  Kings  peak,  13,498  feet. 

CENTRAL  AREA 

This  region,  varying  from  10  miles  in  width  on  the  west  to  12  or  15 
miles  on  the  east,  is  formed  of  the  horizontal  strata  of  the  "Uinta"  forma- 
tion more  or  less  buried  beneath  debris  not  yet  removed  by  erosion  since 
the  melting  of  the  glaciers.  Hundreds  of  lakelets  and  ponds,  held  in 
their  rocky  basins  by  accumulations  of  debris,  still  remain  and  grassy 
parks  and  forest-covered  areas  occupy  the  greater  part  of  this  region.  The 
axis  of  the  fold  follows  the  northern  rim  of  this  central  area,  trending 
in  general  with  the  peaks  and  ridges  which  form  the  crest  of  the  range. 
The  general  character  of  this  area  is  that  of  a  basin  10  to  12  miles  in 
width,  having  a  very  uneven  floor  and  hemmed  in  by  bold  escarpments 
1,000  to  2,000  feet  in  height.  To  the  south  of  the  axis  the  streams  head- 
ing in  the  numerous  amphitheaters  have  cut  channels  of  constantly  in- 
creasing depth  until  where  they  pierce  the  inclosing  walls  they  flow  in 
canyons  2,000  to  3,000  feet  deep. 

SOUTHERN  SLOPE 

The  slopes  which  form  the  south  side  of  the  fold  are  moderately  steep, 
the  underlying  Paleozoic  strata  dipping  12  to  20  degrees  and  the  Mesozoic 
strata  at  higher  angles  up  to  45  degrees.  These  slopes  have  been  deeply  in- 
cised by  the  few  main  streams  which  drain  the  great  interior  region.  The 
main  drainage  of  this  area  is  accomplished  through  many  small  streams 
heading  in  the  Paleozoic  strata  cutting  them  at  right  angles,  but  fre- 
quently following  along  the  strike  of  the  softer  and  more  steeply  up- 
turned Mesozoic  beds.  The  drainage  of  nearly  the  whole  southern  slope 
finds  its  way  into  the  Duchesne  river,  a  branch  of  Green  river.  The 
eastern  end  of  the  uplift  is  drained  by  small  streams  flowing  directly  into 
Green  river. 

NORTHERN  SLOPE 

This  region  differs  materially  from  the  southern  slope.  The  'TJinta" 
sandstones  or  quartzites  and  the  overlying  formations,  for  a  considerable 
portion  of  the  area,  are  buried  beneath  morainal  ridges  supporting  a 
thick  forest  covering  or  beneath  the  overlap  of  Tertiary  sediments.  The 
glacial  cirques  and  amphitheaters  are  relatively  small  and  the  streams 
heading  in  them  have  cut  canyons  2,000  feet  deep  within  5  to  6  miles  of 
the  crest  of  the  range.    These  streams  flow  north  and  east  into  Green 
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river  except  the  Bear  and  Weber  rivers,  which  flow  north  and  west  and 
empty  into  Great  Salt  lake.  In  contrast  with  the  southern  slope  the 
strata  are  upturned  at  rather  steep  angles  within  a  short  distance  of  the 
axis  of  the  fold.  The  massive  bedded  Lower  Carboniferous  limestones 
form  a  bold  east-west  ridge  extending  for  many  miles.  Figure  2,  plate 
43,  shows  this  ridge  where  it  is  cut  through  by  Beaver  creek. 

WESTERN  END  OF  THE  RANGE 

At  the  western  end  the  range  becomes  much  narrower,  the  limbs  of  the 
anticline  increasing  in  dip.  The  Uinta  and  Wasatch  ranges  are  separated 
by  the  depression  of  Kamas  valley  and  the  irregular  group  of  hills  formed 
of  intrusive  andesite  and  extrusive  andesite  and  breccia.  The  highest 
points  in  this  part  of  the  range  average  10,500  feet  in  height,  and  the 
slopes  gradually  descend  from  10,000  feet  to  6,500  feet,  the  elevation  of 
Kamas  valley,  in  a  distance  of  5  miles. 

EASTERN  END  OF  THE  RANGE 

This  portion  forms  a  broad  plateau  of  horizontal  or  of  slightly  tilted 
strata  with  an  average  elevation  of  9,000  feet.  This  simple  structure 
changes  to  a  very  complicated  one,  following  in  general  the  course  of 
Green  river.  Prominent  northwest-southeast  ridges  mark  the  line  of  dis- 
turbance on  the  north  side  and  sharp  folds  and  dislocations  on  the  south 
side  at  varying  angles  to  the  general  east-west  folding.  To  the  east  of 
Green  river  there  is  a  considerable  depressed  area  covered  by  Tertiary 
sediments. 

Landslides  and  "Bock  Streams" 

The  phenomena  of  landslides  include  variations  from  the  common  type 
of  talus  slope  to  blocks  of  strata  displaced  en  masse  by  sapping  of  the 
underlying  rocks.  They  are  of  frequent  occurrence,  especially  on  the 
southern  slope  of  the  Uinta  range.  The  most  striking  form  of  landslide 
is  that  described  as  "rock  streams"  by  Cross  and  Howe  (7)*  in  the  San 
Juan  region  of  Colorado.  Similar  phenomena  occur  near  the  summit  of 
Bhodes  plateau  north  of  the  West  fork  of  Duchesne  river  and  on  Farm 
creek.    A  typical  "rock  stream"  is  shown  on  plate  44. 

The  material  forming  the  landslide  contains  blocks  varying  in  size  to 
10  feet  in  diameter,  derived  from  the  lower  part  of  the  Weber  quartzite. 
The  slide  is  probably  due  to  sapping  of  the  underlying  limestone  in  the 
cliffs,  and  when  the  ice  melted  in  the  gulches  the  support  was  removed 
and  the  quartzite  strata  were  detached  as  a  "stream"  of  rock.     The  "rock 


*  The  numbers  refer  to  numbers  In  the  list  of  references  at  the  end  of  this  paper. 
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Btream*'  ceased  its  movement,  preceded  by  little  if  any  transportation 

by  ice. 

These  accumulations  of  rock  do  not  have  the  smooth,  regular  lines  of 
the  ordinary  talus  slope  nor  the  familiar  form  of  terminal  moraines. 
They  more  closely  resemble  a  fall  of  rock  fragments  from  a  cliflf,  but  in 
these  instances  the  movement  must  have  been  as  a  mass  and  not  as  de- 
tached rock  fragments. 

Qeologt 

asnbral  sbottoys  op  wasatch,  uinta,  ajfd  grand  canton  region 8 

The  tables  following  are  comparative  generalized  Paleozoic  sections  by 
King,  Walcott,  and  the  writer. 

OEOLOaiO  MAP 

The  base  of  the  geologic  map,  figure  2,  is  that  of  the  40th  Parallel 
map.  The  writer  is  responsible  for  the  geology  except  for  the  region  east 
of  Brush  creek  and  Green  river,  on  the  south  side  of  the  range.  This 
was  copied  from  the  40th  Parallel  map. 

GENERAL  FEATURBB 

The  basement  rocks  upon  which  the  earliest  sediments  were  laid  down 
are  not  exposed,  and  no  lava  flows  or  intrusives  are  involved  in  the  uplift. 
The  oldest  sedimentary  rocks  form  the  broad  top  and  upper  part  of  the 
anticlinal  slopes  and  each  succeeding  stratum  passes  beneath  a  later  one 
in  regular  order  of  deposition. 

The  section  extends  from  the  pre-Cambrian  to  the  Cretaceous,  inclusive. 
It  consists  of  sandstones,  limestones,  and  shales,  essentially  conformable 
in  structure,  although  certain  members  are  absent  by  non-deposition  and 
possibly  by  erosion. 

Subsequent  to  the  uplift  a  considerable  part  of  the  fold  was  buried  be- 
neath Tertiary  sediments,  which  have  in  great  measure  been  removed  by 
erosion  during  later  Tertiary  or  Quaternary  time.  Remnants  of  such 
deposits  have  been  left  on  the  higher  parts  of  the  flanks  of  the  range,  and 
in  some  areas  completely  cover  the  lower  slopes.  Quaternary  deposits  of 
glacial  origin  lie  on  the  older  sediments  of  the  interior,  and  fluviatile 
gravels  and  sands  occur  in  terraces  overlying  the  younger  sedimentary 
strata.  The  stratigraphy  is  in  part  similar  to  the  succession  exhibited  in 
the  central  Wasatch  region  and  the  canyon  of  the  Colorado,  but  it  pre- 
sents also  many  distinctive  local  features. 

The  Duchesne  river  has  cut  a  deep  canyon  in  the  strata  which  form  this 
range.    In  figure  3  is  given  the  section  as  exposed  on  the  west  side  of  the 
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stream'*  ceased  its  movement,  preceded  by  little  if  any  transportation 
by  ice. 

These  accumulations  of  rock  do  not  have  the  smooth,  regular  lines  of 
the  ordinary  talus  slope  nor  the  familiar  form  of  terminal  moraines. 
They  more  closely  resemble  a  fall  of  rock  fragments  from  a  cliff,  but  in 
these  instances  the  movement  must  have  been  as  a  mass  and  not  as  de- 
tached rock  fragments. 

Qeolooy 

qelfbral  bbotionb  op  wasatch,  uinta,  and  orand  canton  rbqionb 

The  tables  following  are  comparative  generalized  Paleozoic  sections  by 
King,  Walcott,  and  the  writer. 

OBOLOGJC  MAP 

The  base  of  the  geologic  map,  figure  2,  is  that  of  the  40th  Parallel 
map.  The  writer  is  responsible  for  the  geology  except  for  the  region  east 
of  Brush  creek  and  Green  river,  on  the  south  side  of  the  range.  This 
was  copied  from  the  40th  Parallel  map. 

GENERAL  FEATURE 8 

The  basement  rocks  upon  which  the  earliest  sediments  were  laid  down 
are  not  exposed,  and  no  lava  flows  or  intrusives  are  involved  in  the  uplift. 
The  oldest  sedimentary  rocks  form  the  broad  top  and  upper  part  of  the 
anticlinal  slopes  and  each  succeeding  stratum  passes  beneath  a  later  one 
in  regular  order  of  deposition. 

The  section  extends  from  the  pre-Cambrian  to  the  Cretaceous,  inclusive. 
It  consists  of  sandstones,  limestones,  and  shales,  essentially  conformable 
in  structure,  although  certain  members  are  absent  by  non-deposition  and 
possibly  by  erosion. 

Subsequent  to  the  uplift  a  considerable  part  of  the  fold  was  buried  be- 
neath Tertiary  sediments,  which  have  in  great  measure  been  removed  by 
erosion  during  later  Tertiary  or  Quaternary  time.  Remnants  of  such 
deposits  have  been  left  on  the  higher  parts  of  the  flanks  of  the  range,  and 
in  some  areas  completely  cover  the  lower  slopes.  Quaternary  deposits  of 
glacial  origin  lie  on  the  older  sediments  of  the  interior,  and  fluviatile 
gravels  and  sands  occur  in  terraces  overlying  the  younger  sedimentary 
strata.  The  stratigraphy  is  in  part  similar  to  the  succession  exhibited  in 
the  central  Wasatch  region  and  the  canyon  of  the  Colorado,  but  it  pre- 
sents also  many  distinctive  local  features. 

The  Duchesne  river  has  cut  a  deep  canyon  in  the  strata  which  form  this 
range.    In  figure  3  is  given  the  section  as  exposed  on  the  west  side  of  the 
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river  about  two  miles  below  Iron  creek,  ex- 
tending from  the  Lodore  Bh&les  to  the  Weber 
formation  at  the  summit  of  Rhodes  plateau 
and  the  Permo- Carboniferous  beds  exposed 
on  the  east  side  of  the  river  below  the  mouth 
,Tou,.  of  West  fork.    This  section  shows  the  varia- 

tions in  character  of  Paleozoic  sediments,  ex- 
cept aa  noted  hereafter. 

FRB-CAUBRIAK  "OISTA"  FORMATIOS 

Nomenclature  and  correlation. — The  oldest 
sedimentary  strata  of  the  Uinta  range  were 
named  and  defined  by  Powell  as  the  tJinta 
sandstone.  Xing  applied  to  this  series  the 
name  Weber  quartzite,  conHidering  that  it 
corresponded  in  Btratigraphic  position  with 
the  Weber  quartzite  of  the  Wasatch  moun- 
tains. It  has  recently  been  decided  (10)  to 
retain  the  name  TJinta  for  the  Tertiary  strata 
which  forms  the  plateau  region  east  of  the 
Wasatch  and  south  of  the  Tlinta  ranges.  The 
decision  was  made  on  the  grounds  of  priority 
and  general  usage.  No  new  yeograpliic  name 
is  proposed  for  this  formation,  leaving  the 
(juenlion  of  nomenclature  for  future  discus- 
sion. In  this  connection  it  may  be  stated  that 
it  is  believed  not  to  be  the  best  practice  to 
retain  a  name  indefinitely  applied  and  used 
for  general  description  where  the  same  name 
has  been  applied  to  and  adequate  description 
given  of  another  series  of  strata  to  which  the 
name  is  more  applicable.  King  state?  l^. 
pajre  407) :  "ITinta  group  was  a  term 
stretched  for  convenience  to  cover  all  Ihe 
Tertiaries  south  of  Uinta  range  of  whose  true 
subdivisions  we  were  ignorant."  The  name 
Uinta  as  applied  to  the  Tertiary  strata  of  the 
Duchesne  drainage  area  is  a  misnomer,  while 
no  one  would  question  its  application  to  the 
great  thickness  of  quartzite  and  sandstone 
*"  forming  the  surface  rocks  of  the  Uinta  range 
''  for  approximately  8,000  square  miles. 
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The  character  of  the  rocks  and  the  stratigraphic  position  and  thickness 
of  the  quartzite  series  suggest  that  it  is  to  be  correlated  with  the  great 
quartzite  sections  of  the  Wasatch  and  other  ranges  of  Utah  and  eastern 
Nevada  whose  position  beneath  the  Olenellus  shales  of  the  lower  Cam- 
brian is  generally  recognized.  No  fossils*  whose  stratigraphic  position  is 
known  have  been  found  in  this  formation.  The  oldest  fossils  are  of 
Lower  Mississippian  age,  but  are  separated  from  the  "Uinta"  quartzite  by 
500  to  1,200  feet  of  shales.  While  the  correlation  seems  to  rest  on  in- 
conclusive evidence,  it  should  be  remembered  that  there  is  no  other  known 
series  of  such  extent  and  thickness  with  which  it  can  be  correlated. 

Description. — ^This  formation  constitutes  the  broad  top  of  the  range. 
At  the  eastern  end  the  folding  is  less  pronounced  and  the  overlying 
Mississippian  limestones  form  the  surface  rocks.  At  the  western  end  the 
formation  is  covered  by  lava  flows  in  Kamas  valley,  but  is  again  exposed 
on  the  western  slope  of  the  Wasatch  range.  The  base  of  the  formation  is 
not  exposed,  but  its  thickness  exceeds  12,000  feet.  In  the  western  part  of 
the  range,  especially  on  the  northern  flank,  the  strata  are  very  compact, 
dense  quartzites.  In  other  parts  there  are  all  gradations  to  a  soft  sand- 
stone. The  prevailing  color  is  reddish  brown,  with  a  considerable  thick- 
ness of  purple  quartzites  about  the  middle  of  the  formation.  The  upper 
part  contains  striped  quartzites,  and  in  both  eastern  and  western  parts  of 
the  range  there  are  several  bands  of  interbedded  conglomerates  with 
greenish  sandstones  at  the  top.  In  some  areas  white  quartzites  are  well 
developed,  particularly  in  the  Green  Eiver  region.  One  of  the  most 
favorable  localities  for  the  study  of  this  formation  is  along  the  east  side 
of  the  East  fork  of  Smiths  fork  of  Green  river,  on  the  north  side  of  the 
range.  The  beds  dip  25  to  40  degrees  to  the  north,  and  are  exposed  in 
continuous  section  to  and  including  the  Lodore  shales  about  one  mile 
above  China  lake. 

CAMBRIAN  LODORE  SHALES 

Nomenclature  and  correlation, — In  Lodore  canyon  of  Green  river 
Powell  noted  the  occurrence  of  500  feet  of  shales  between  the  "Uinta" 
sandstone  and  the  Aubrey  limestone,  and  designated  them  Lodore  shales. 
He  correlated  them  with  the  Tonto  shales  of  the  Grand  Canyon  region, 
and  stated  that  Carboniferous  fossils  had  been  found  in  them.  The 
names  of  the  species  or  locality  where  found  are  not  given,  and  there  is 
considerable  doubt  as  to  the  accuracy  of  this  statement.  Walcott  con- 
siders that  the  Tonto  shales  are  of  middle  and  upper  Cambrian  age.  In 
my  reconnaissance  no  fossils  were  found,  although  considerable  time  was 
devoted  to  searching  for  them  at  numerous  localities  where  the  shales 
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were  favorably  exposed.  In  stratigraphic  position  and  lithologic  char- 
acter the  beds  are  very  similar  to  the  Tonto  shales.  Their  position 
above  the  ^TJinta"  quartzite  corresponds  to  that  of  the  shales  above  the 
quartzite  series  in  Big  Cottonwood  canyon  in  the  Wasatch  mountains. 
The  latter,  however,  are  only  150  feet  thick,  contain  the  Olenellus  fauna, 
and  are  overlaid  by  Cambro-Ordovician  strata.  According  to  the  avail- 
able evidence,  it  is  believed  that  the  Lodore  shales  represent  the  deposits 
of  Cambrian  time  in  the  Uinta  region.  This  formation  was  not  diflfer- 
entiated  by  the  40th  Parallel  geologists. 

Description. — The  Lodore  shales  constitute  a  series  of  argillaceous  and 
sandy  green,  red,  and  purple  shales  overlying  the  greenish  sandstones 
which  form  the  upper  part  of  the  "Uinta"  quartzite.  In  some  parts  of 
the  series  lamination  is  not  well  developed  and  they  resemble  mud  beds. 
Many  nodules  and  a  marked  tendency  to  nodular  structures  characterize 
the  green  shales  wherever  exposed.  The  formation  is  well  exposed  on 
Kamas  creek.  Prove  river,  and  upper  Duchesne  canyon.  In  this  region 
the  formation  in  its  upper  part  varies  considerably  from  fine  to  coarse 
sandy  or  conglomerate  beds  (plate  45),  and  the  transition  to  the  suc- 
ceeding formation  is  through  beds  of  finer  grain,  altered  into  quartzite. 
The  thickness  varies  from  a  maximum  of  1,200  feet  on  Duchesne  river  to 
500  feet  on  Green  river.  In  passing  eastward  the  beds  become  thinner 
by  the  disappearance  of  the  sandy  beds  at  the  top.  Along  the  northern 
slope  of  the  range  the  formation  is  mainly  shale  from  400  to  500  feet  thick 
and  well  exposed  on  Green  river  and  its  tributaries.  On  Carter  creek, 
a  few  miles  east  of  the  point  where  it  empties  into  Green  river,  there  is  a 
fault  of  considerable  displacement  which  brings  the  "Uinta"  quartzite 
against  the  Weber  formation.  To  the  west  the  formation  is  nearly  every- 
where covered  by  glacial  debris  as  far  as  Weber  river,  where  it  is  well 
exposed  in  Smith  and  Moorehouse  and  South  Pork  creeks.  Throughout 
the  Uinta  region  the  Mississippian  series  overlaps  the  Lodore  shales  and 
Ogden  quartzite,  but  appears  to  overlie  them  in  conformable  position. 

ORDOVICIAN  OGDEN  QUARTZITE 

Nomenclature  and  correlation. — This  formation  was  named  and  defined 
by  the  geologists  of  the  40th  Parallel  Survey,  and  considered  by  them 
to  be  Devonian  in  age.  In  its  typical  locality,  Ogden  canyon,  and  in  sec- 
tions east  of  Cache  valley,  Utah,  the  writer  in  1906  found  fossils  above 
and  below  this  formation  and  also  in  interbedded  limestones  in  the  lower 
part  of  this  formation,  determined  by  Mr  E.  0.  Ulrich,  which  show  that 
this  quartzite  is  of  Upper  Ordovician  age.  In  the  Wasatch  mountains 
the  quartzite  varies  from  800  to  1,200  feet  in  thickness  and  rests  upon 
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Cambro-Ordovician  limestones.  It  is  overlaid  by  200  to  300  feet  of 
Silurian  and  Devonian  limestones,  at  least  in  the  Cache  Valley  region, 
as  shown  by  fossils  collected  by  the  writer  in  1906  and  determined  by 
Messrs  XJlrich  and  Kindle.  In  the  Uinta  range  the  Ogden  quartzite  rests 
upon  the  Lodore  shales,  considered  to  be  Cambrian  in  age,  and  is  imme- 
diately overlaid  by'  limestones  of  Lower  Mississippian  age.  This  forma- 
tion was  not  differentiated  by  the  40th  Parallel  geologists  in  the  Uinta 
region. 

Description, — ^The  formation  is  well  exposed  along  the  south  side  of  the 
range  from  Kamas  creek  to  Whiterocks  creek.  The  basal  beds  are  green- 
ish sandstones,  above  which  are  several  beds  of  fine-grained  conglomerate 
and  cross-bedded  sandstone.  These  are  succeeded  by  200  feet  of  white 
quartzites.  The  upper  part  of  the  formation  contains  beds  of  conglom- 
erate and  a  prominent  band  of  calcareous  sandstone  two  to  three  feet  in 
thickness,  which  grades  into  buff  weathering  limestone  of  the  overlying 
Mississippian  series. 

No  representative  of  the  Ogden  quartzite  was  determined  on  the  north 
side  of  the  range,  as  the  Lodore  shales  appeared  to  pass  directly  into  the 
Mississippian  limestones.  This  seems  a  peculiar  circumstance,  since  the 
quartzite  is  1,200  feet  in  thickness  in  Ogden  canyon,  1,000  feet  or  more 
in  Weber  canyon,  and  800  to  1,000  feet  in  Big  Cottonwood  and  American 
Fork  canyons,  in  the  Wasatch  mountains,  which  are  not  more  than  25  to 
40  miles  from  the  western  end  of  the  Uinta  range. 

CARBONIFEROUS 

Mississippian  series — Nomenclature  and  correlation. — The  40th  Par- 
allel geologists  recognized  that  the  great  quartzite-sandstone  series  of 
the  Uinta  range  were  the  oldest  sediments  and  conformably  succeeded  by 
the  overlying  beds,  but  by  correlating  the  series  with  the  Weber  quartzite 
of  the  Wasatch  mountains  it  necessitated  the  correlating  of  the  Missis- 
sippian limestones  with  the  strata  above  the  Weber  quartzite;  conse- 
quently they  did  not  recognize  the  presence  of  the  Wasatch  limestone. 

Wherever  fossils  have  been  found  in  the  lower  and  upper  members  of 
the  Wasatch  limestone,  they  show  the  former  to  be  of  Mississippian  age 
and  the  latter  of  Pennsylvanian  age.  This  is  also  true  of  the  Uinta 
range.  The  precise  line  of  division  has  not  yet  been  determined.  In  the 
Uinta  range  about  600  feet  of  the  1,070  feet  of  beds  that  have  been  corre- 
lated with  the  Wasatch  limestone  are  certainly  of  Mississippian  age. 
Powell  correlated  the  beds  of  the  Wasatch  limestone  with  his  Grand  Can- 
yon section.    They  correspond  in  general  to  the  Red  Wall  group. 
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Description. — The  basal  beds  of  this  series  are  buff,  blue,  and  gray 
limestones,  weathering  darker  in  color  and  some  of  them  have  a  decided 
greenish  tinge.  They  are  usually  in  massive,  brecciated  beds  having  a 
thickness  of  150  to  200  feet.  Beside  the  brecciation  or  fracturing,  many 
small  faults  occur  in  them.  The  succeeding  beds,  6  inches  to  one  foot 
thick,  are  buff-colored  crystalline  limestones  having  a  total  thickness  of 
300  feet,  followed  by  25  feet  of  thinner  bedded,  dark  blue,  and  purple 
limestones  containing  a  large  amount  of  dark-colored  chert.  The  fossils 
found  in  the  above  described  beds  indicate  that  they  are  of  Mississippian 
age. 

The  lower  beds  form  bold,  massive  outcrops  in  nearly  every  canyon  on 
both  slopes  of  the  range.  Where  broken  by  faulting  of  fractured,  they 
contain  gold  and  silver  associated  with  iron  deposits;  but  little  is  known 
of  their  value.  Prospecting  in  these  beds  was  in  progress  in  several  can- 
yons in  the  summer  of  1906. 

Pennsylvanian  series — Nomenclature  and  correlation. — ^This  series 
comprises  the  upper  part  of  the  Wasatch  limestone  and  the  Weber  forma- 
tion. No  name  is  given  to  the  limestones  of  this  series  occurring  benealh 
the  Weber  formation,  leaving  it  for  future  detailed  work  to  determine  the 
beds  which  are  to  be  assigned  to  this  formation.  In  the  Wasatch  moun- 
tains a  similar  succession  of  strata  is  exposed.  In  Powell's  Grand  Can- 
yon section,  Lower  Aubrey  group  and  the  Yampa  sandstone  of  the  Upper 
Aubrey  group  correspond  to  the  Pennsylvanian  series.  The  limestones 
below  the  Weber  formation  are  to  be  correlated  with  the  Lower  Aubrev 
limestone,  and  the  Weber  formation  with  the  Aubrey  sandstone  of  Wal- 
cott's  section.  So  far  as  the  faunas  are  known,  they  corroborate  these 
correlations. 

Description. — The  strata  forming  this  subdivision  are  300  to  500  feet 
of  light  blue  and  gray  limestones  containing  a  considerable  amount  of 
light-colored  chert,  interstratified  with  fine-grained  light  gray  sandstones 
which  toward  the  top  contain  bands  of  sandstone  weathering  brown  and 
resembling  in  marked  degree  the  weathered  material  of  the  "Uinta"  sand- 
stone.    These  are  succeeded  by  the  quartzites  of  the  Weber  formation. 

Weber  formation. — The  lower  part  of  this  formation  is  a  white  and 
gray  to  greenish  quartzite  in  thin  and  thick  beds,  some  of  which  weather 
brown.  In  the  upper  part  of  the  formation  are  alternating  blue  and 
white  siliceous  limestones  and  quartzites.  The  transition  to  the  next 
series  is  through  blue  and  reddish  limestones  and  shales.  The  greatest 
thickness  occurs  on  the  south  side  of  the  Weber  river,  on  the  north  slope 
of  the  range.  To  the  east,  on  this  side  of  ihe  range,  the  formation  is 
largely  covered  by  Tertiary  sediments  or  glacial  debris.     On  the  opposite 
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(south)  side  of  the  raiige  the  formation  is  well  exposed  in  all  the  prin- 
cipal canyons  from  the  Provo  river  to  Green  river.  This  formation,  like 
the  ''Uinta/'  is  quartzitic  in  the  western  and  central  parts  of  the  range 
and  grades  into  a  rather  soft  sandstone  in  the  eastern  part.  No  fossils 
were  found  in  the  Weber  formation. 

Permian  Permo-Carboniferous — Nomenclature  and  correlation. — ^The 
Permo-Carboniferous  series  of  the  Uinta  range  seems  to  correspond  in 
position,  thickness,  and  general  lithologic  characters  to -the  Upper  Coal 
Measure  and  Permo-Carboniferous  formations  of  the  40th  Parallel  Sur- 
vey. On  similar  grounds  they  may  be  correlated  with  the  Aubrey  lime- 
stone of  Walcott's  Grand  Canyon  section.  The  correlation  with  PowelFs 
section  is  less  definite.  The  limestones  overlying  the  Yampa  sandstone 
of  the  Upper  Aubrey  group  and  an  undetermined  thickness  of  the  shales 
and  soft  sandstones  of  the  Shinarump  group  appear  to  correspond  to  the 
beds  under  discussion. 

Description. — The  upper  beds  of  the  Weber  formation  are  calcareous 
sandstones  and  siliceous  limestones  which  weather  yellow  and  grade  into 
the  thin  red  shales  and  red  and  blue  limestones  of  the  upper  part  of  the 
Permo-Carboniferous  series.  This  series  is  well  exposed  on  the  Duchesne 
river.  Rock  creek,  Whiterocks  creek  on  the  south  side  of  the  range,  and  in 
Horseshoe  canyon  of  Green  river  on  the  north  side  of  the  range. 

One  of  the  best  sections  occurs  on  the  east  side  of  Duchesne  river  below 
the  mouth  of  West  fork.  There  the  lower  600  feet  of  the  Permo-Car- 
boniferous are  formed  of  the  red  and  purple  shales  and  blue  limestones. 
Above  is  1,000  feet  of  light  gray  and  white  sandstones,  with  some  inter- 
bedded  limestones  in  the  lower  part.  In  the  upper  part  these  sandstones 
occur  in  alternating  layers  of  soft  and  compact  beds  full  of  peculiar  black 
points  or  specks.  These  are  succeeded  by  800  to  900  feet  of  red  shales, 
with  a  prominent  band  of  light-colored  shale  at  the  top. 

POBT'PALEOZOW 

Trias, — The  Trias  was  defined  by  Emmons  (2,  page  200)  as  consisting 
of  red  sandstones  with  a  series  of  clayey  beds  at  the  base,  having  an  esti- 
mated thickness  of  2,500  feet.  Powell  (1,  pages  150-153)  did  not  sepa- 
rate the  Jura  from  the  Trias.  He  divided  the  Jura-Trias  beds  into  the 
Shinarump,  Vermilion  Cliff,  White  Cliff,  and  Flaming  Gorge  groups, 
having  a  total  thickness  of  3,845  feet.  The  Trias  of  the  40th  Parallel 
Survey  appears  to  correspond  to  the  Shinarump,  Vermilion  Cliff,  and 
White  Cliff  groups  of  Powell.  The  writer  has  classed  the  shales  at  the 
base  of  the  Trias  with  the  Permo-Carboniferous.  The  line  of  division 
between  the  Trias  and  the  Permian  is  placed  at  the  base  of  the  massive 
cross-bedded  sandstones. 
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In  the  Uinta  uplift  the  Trias,  Jura,  and  Cretapeous  strata  are  largely 
covered  by  Tertiary  sediments  or  glacial  debris.  The  principal  areas  of 
outcrop  are  in  the  Flaming  Gorge  canyon  of  the  Green  river,  on  the  north 
side  of  the  range,  and  in  the  canyons  of  Green  river  in  the  vicinity  of 
Split  mountain  and  Ashley  and  Dry  Forks  creeks,  and  on  the  Duchesne 
river  several  miles  below  the  mouth  of  West  fork,  on  the  south  side  of  the 
range.  The  Trias  is  much  thicker  in  the  eastern  part  of  the  range.  In 
the  western  part  the  clayey  beds  of  the  upper  part  of  the  Trias  were  ap- 
parently not  deposited.  The  coarse  cross-bedded  sandstone,  300  to  400 
feet  thick,  is  a  dark  buff  color  in  the  Duchesne  region,  which  varies  to 
lighter  color  to  the  eastward. 

Jura. — ^The  Jura  is  composed  of  sandstones,  shales,  and  clay  beds,  with 
a  prominent  limestone  series  having  a  maximum  thickness  of  200  to  300 
feet,  the  whole  averaging  from  600  to  800  feet  in  thickness,  as  deter- 
mined by  the  40th  Parallel  Survey  (2,  page  200).  The  Flaming  Gorge 
group  of  Powell  (1,  page  152)  is  considered  to  represent  the  Jura.  The 
writer  considers  the  prominent  drab  limestones  to  form  the  base  of  the 
series,  the  remainder  of  the  Jura  being  formed  of  the  overlying  sand- 
stones, shales,  and  clays. 

The  areas  of  outcrop  of  the  Jura  in  the  Uinta  uplift  correspond  to 
those  of  the  Trias  and  appear  to  have  a  greater  thiclmess  of  beds  in  the 
eastern  part  of  the  range.  In  the  Duchesne  valley  the  Jura  is  repre- 
sented by  a  compact  drab  or  gray  limestone  and  soft  red  calcareous  shales. 
The  transition  from  the  buff  or  brown  cross-bedded  sandstone  of  the 
Trias  to  the  Jurassic  oolitic  and  granular  limestone  is  made  in  less  than 
ten  feet  of  strata. 

Cretaceous, — This  system  is  divided  into  the  Dakota,  Colorado,  Fox 
Hills,  and  Laramie  groups,  to  which  are  assigned  10,000  feet  of  sand- 
stones and  clays  by  the  geologists  of  the  40th  Parallel  Survey  (2,  pages 
200-202).  Powell  (1,  pages  153-161)  divides  the  Cretaceous  into  the 
Henrys  Fork,  Sulphur  Creek,  Salt  Wells,  and  Point  of  Rocks  groups. 
The  areas  of  outcrop  correspond  to  those  of  the  Trias  and  Jura.  The 
writer,  not  having  had  opportunity  to  study  these  areas,  is  unable  to  add 
materially  to  previous  descriptions. 

Tertiary,— The  Tertiary  strata  of  the  Uinta  and  adjacent  areas  have 
been  described  b\>  the  40tb  Parallel  geologists  (2,  pages  202-325)  and 
divided  intgthe  V(?rnjiilion  Crecdc,  Green  Eiver,  Bridger,  and  Uinta  groups 
and  the  4yomini^c^glomerate.  Powell  (1,  pages  161-172)  has  divided 
the  Tertiary  into  the  Bitter  Creek,  Lower  and  Upper  Green  River, 
Bridger,  and  Browns  Park  groups  and  Bishop  Mountain  conglomerate. 
The  Tertiary  strata  which  have  been  deposited  around  the  Uinta  uplift 
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have  never  been  studied  in  detail,  and  but  little  definite  data  regarding 
their  lithologic  or  stratigraphic  divisions  are  available.  Bluffs  and  ridges 
of  these  strata  from  the  sides  of  the  alluvial  valleys  and  small  remnants 
occur  along  the  mountain  slopes,  reaching  elevations  of  over  10,000  feet. 
Along  the  south  side  of  the  range  the  lower  members  are  grits  and  con- 
glomerate passing  into  finer  grained  sandy  and  calcareous  beds. 

Interpretation  of  the  sedimentary  Becord 

No  representative  of  the  basement  complex  is  known  in  the  Uinta 
region.  The  12,000+  feet  of  the  "Uinta''  formation,  1,200  feet  of 
Liodore  shales,  and  1,100  feet  of  the  Ogden  quartzite  have  not  yielded 
fossils.  On  lithologic  and  stratigraphic  grounds  the  "Uinta"  formation 
is  considered  to  represent  the  sediments  of  pre-Cambrian  time.  The  Lo- 
dore  shales  represent  a*  period  of  sedimentation  in  which  from  2,000  to 
4,000  feet  of  Lower,  Middle,  and  Upper  Cambrian  shales  and  limestones 
were  deposited  in  the  Central  and  Northern  Wasatch  and  Grand  Canyon 
sections.  In  the  Wasatch  region  approximately  3,000  feet  of  limestone 
and  quartzite  were  deposited  in  Ordovician  time,  while  in  the  Uinta 
region  a  maximum  of  1,100  feet  of  sandy  beds  were  laid  down  during  the 
same  period.  On  the  northern  flanks  of  the  Uinta  range,  in  the  Green 
Eiver  region,  the  shales  are  reduced  in  thickness  to  600  feet,  the  Ogden 
quartzite  is  absent  by  non-deposition,  and  the  Mississippian  limestone  is 
about  700  feet  in  thickness.  This  marked  thinning  of  sediments  east- 
ward, by  which  the  sedimentary  section  is  reduced  in  thickness  several 
thousand  feet,  indicates  an  overlap  upon  a  land-mass  which,  in  central 
Wyoming,  brings  the  Permo-Carboniferous  beds  imconformably  on  the 
Crystalline  schists.* 

Unconformities  in  the  Uinta  Region 

Powell  recognized  an  unconformity  at  the  tpp  of  the  Uinta  sandstone. 
The  overlying  shales  are  said  to  fill  hollows  in  the  unevenly  eroded  sur- 
face. This  unconformity  was  not  noted  by  the  40th  Parallel  geolo- 
gists, and  C.  A.  White  (4,  page  23),  who  was  associated  with  Powell  in 
his  later  work  in  this  region,  has  stated  that  the  indications  are  so  slight 
as  to  be  readily  overlooked.  No  satisfactory  evidences  of  such  an  uncon- 
formity were  found  during  the  past  field  season.  In  every  locality  ex- 
amined throughout  the  range  the  Lodore  shales  were  found  conformable 
above  and  below  with  the  associated  strata,  except  in  Duchesne  and  Rock 
Creek  canyons  and  in  the  vicinity  of  Green  river,  on  the  northern  slope, 

*  Darton :  Personal  commonicatlon. 
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where  the  shales  have  been  faulted  and  the  relations  of  the  formations 
can  not  readily  be  determined. 

On  the  northern  flank  of  the  eastern  Uinta  several  bands  of  conglom- 
erate are  interbedded  with  the  ^'Uinta'^  sandstones,  and  have  considerable 
areal  extent.  They  are  well  exposed  in  cliffs,  have  the  same  strike  and 
dip,  and  form  an  integral  part  of  the  "Uinta"  series. 

Berkey  noted  (8)  an  unconformity  by  erosion  within  the  Carboniferous, 
and  suggested  that  by  a  withdrawal  of  the  sea  slowly  westward  and  a 
more  rapid  readvance  to  its  former  boundaries  the  erosion  interval  in  the 
Green  Kiver  region  noted  by  Powell  should  be  extended  to  include  the 
sedimentary  period  represented  by  6,000  feet  of  strata,  as  shown  on  his 
(Berkey's)  columnar  section.  Observations  in  this  field  do  not,  however, 
support  the  hypothesis.  It  has  been  found  that,  with  the  exception  of  the 
Ogden  quartzite,  the  sedimentary  series  is  remarkably  uniform  through- 
out the  whole  extent  of  the  Uinta  region.  The  absence  of  the  Ogden 
quartzite  may  be  due  to  the  presence  of  a  land  mass,  the  Uinta  fold 
being  then  in  an  incipient  stage.  The  evidences  of  unconformity  at 
the  base  of  the  Carboniferous  Weber  quartzite  are  inconclusive,  as,  con- 
trary to  Berkey^s  observations,  no  basal  conglomerate  in  this  series  was 
noted  in  the  Uinta  area.  Occasionally  there  is  a  small  development  of 
shales,  but  the  transition  from  the  underlying  limestone  to  quartzite  is 
usually  through  light  gray  fine-grained  sandstones. 

The  Tertiary  overlaps  all  the  older  strata,  including  the  great  interior 
quartzite  series,  reaching  a  maximum  elevation  of  10,000  to  11,000  feet 

Stbuctubs 
in  general 

Begarding  the  structure  of  the  Uinta  uplift,  King  (3,  page  753) 
makes  the  following  summary  statement: 

"It  [the  Uinta  uplift]  consists  of  a  broad  central  plateau  150  miles  long  by 
30  miles  wide,  in  which  there  are  slight  sags  and  local  undulations,  but  the 
average  dip  of  the  strata  is  from  the  horizontal  only  up  to  4  or  5  degrees. 
This  broad,  flat-topped  arch  suddenly  gives  way  along  the  north  and  south 
edges  to  two  distinct  axes  of  flexure  where  the  horizontal  rocks  bend  over, 
accompanied  by  distinct  faulting  at  angles  varying  from  10  to  70  degrees.  In 
the  Green  River  canyon  the  southern  line  of  flexure  becomes  immensely  com- 
plicated and  develops  three  local  anticHnals.*' 

Powell  does  not  present  a  summary  of  his  conclusions,  but  I  have  gath- 
ered together  the  following:  The  Uinta  mountains  have  been  produced  by 
the  degradation  of  a  great  upheaved  block  having  its  axis  in  an  east-west 
direction.     Tlie  displacement  is  partly  by  faulting,  partly  by  flexing. 
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The  region  was  upheaved  partly  as  an  integer  and  partly  as  a  body  of 
minute  parts.  With  upheaval  degradation  progressed.  We  are  led  to 
conclude  that  a  maximum  rate  was  not  established;  that  as  upheaval  was 
slow,  degradation  was  slow. 

Berkey  (8)  notes  the  occurrence  of  a  persistent  and  important  fault  on 
the  upper  Duchesne,  and  states  that  toward  the  east  the  major  fault  cuts 
higher  up  in  the  series,  at  least  above  the  Carboniferous. 

Faults  are  of  frequent  occurrence  along  the  strike  of  the  Cambrian 
shales,  which  seems  to  have  been  a  line  of  weakness.  In  some  instances 
the  fault  is  a  normal  one;  in  others  the  overlying  limestones  appear  to 
have  been  thrust  over  and  covers  in  whole  or  in  part  these  shale  beds. 
Where  the  shale  beds  are  not  faulted  the  strain  seems  to  have  been  relieved 
by  compression  in  the  Weber  and  overlying  Permo-Carboniferous  strata. 
As  a  rule,  the  Paleozoic  beds  have  a  shallow  dip  12  to  20  degrees,  while 
the  Mesozoic  beds  which  form  the  outer  slopes  of  the  fold  usually  dip  at 
40  degrees.  On  the  northern  slope,  in  the  central  region,  the  "TJinta^^ 
quartzite  and  overlying  Cambrian  and  Carboniferous  beds  are  steeply  up- 
turned, while  in  the  eastern  areas  the  "Uinta"  is  nearly  horizontal  or  dips 
5  degrees  or  less,  and  the  higher  beds  are  faulted  or  steeply  upturned. 

GENERAL  STRUCTURAL  FEATURES  OF  SOUTHERN  SLOPE 

The  fault  which  crosses  the  Duchesne  river  at  the  mouth  of  Iron  creek 
is  a  normal  one.  At  the  head  of  the  West  fork  of  Eock  creek  the  same 
fault  has  developed  into  a  thrust.  On  the  West  fork  of  Lake  fork  the 
fold  is  symmetrical,  except  that  the  Weber  and  Permo-Carboniferous 
strata  have  been  sharply  plicated  and  compressed.  The  section  in  White- 
rocks  canyon  exhibits  similar  plications  in  the  same  strata,  and  there  is 
also  a  small  amount  of  faulting  in  the  shale  series. 

Subsequent  to  the  main  folding  there  has  been  a  warping  by  which  the 
general  east-west  strike  varies  from  northwest-southeast  to  northeast- 
southwest  at  various  localities." 

GENERAL  STRUCTURAL  FEATURES  OF  NORTHERN  SLOPE 

The  general  east-west  strike  of  the  beds  varies  locally  as  on  the  south- 
em  slope. 

Where  the  Weber  river  cuts  through  the  Paleozoic  strata  the  beds  dip 
80  degrees  north,  and  in  the  Weber  formation  there  is  developed  locally 
an  overturn  of  these  strata.  In  this  region  the  strata  of  the  *TJinta" 
formation  dip  6  to  10  degrees  to  the  north,  with  a  sudden  steepening  of 
dip  in  the  beds  beneath  the  shale  series.  To  the  east  the  inclination  of 
the  ''Uinta^'  strata  increases  in  the  direction  of  the  axis  of  the  range. 
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In  plate  48,  the  high  peak  near  the  center  background  is  mount 
Lovenia.  From  this  point  to  the  right  side  of  the  photograph  the  direc- 
tion is  north-south,  and  shows  the  position  of  the  anticlinal  fold  on  the 
north  side  of  the  highest  portion  of  the  range.  In  mount  Lovenia  the 
beds  dip  south  4  to  5  degrees ;  in  the  high  ridge  between  the  two  peaks  the 
dip  is  10  to  15  degrees  north :  in  Tokewanna  peak  the  dip  is  25  degrees, 
and  still  farther  down  the  ridge  to  the  north  of  Tokewanna  peak  the  dip 
increases  to  45  degrees  north,  and  continues  at  this  dip  until  covered  bv 
the  overlap  of  Tertiary  strata. 

On  the  ridge  at  head  of  the  East  fork  of  Smiths  fork  and  on  the  ridge 
leading  up  to  Gilbert  peak,  the  strata  dip  south  5  degrees.  A  fault  or 
sharp  fold  in  the  strata  is  here  developed  and  the  beds  dip  30  degrees 
north,  increasing  to  45  degrees,  well  exposed  on  the  east  side  of  Smiths 
fork. 

The  area  between  the  crest  of  the  range  and  the  prominent  limestone 
ridge  drained  by  the  headwaters  of  Beaver  creek  and  Burnt  fork  is 
formed  of  heavily  forested  morainal  ridges  which  completely  mask  the 
structure.  From  I^eidy  peak  the  axis  of  the  anticline  follows  closely  the 
ridge  forming  the  divide  between  Ashley  and  Brush  creeks  on  the  south 
and  Carter  creek  on  the  north,  crossing  the  Green  river  and  terminating 
in  the  faulted  and  flexed  strata  of  0-wi-yu-kuts  plateau.  Throughout 
this  area  the  beds  of  the  "Uinta"  formation  dip  to  the  north  3  to  10 
degrees. 

Near  the  headwaters  of  Sheep  creek  a  fault  develops  which  brings  the 
nearly  horizontal  "Uinta"  beds  against  the  steeply  uptuFned  beds  of  the 
Weber  formation.  From  the  horseshoe  bend  of  Green  river  east  to  and 
including  the  0-wi-yu-kuts  plateau  the  fault  becomes  a  series  of  sharply 
compressed  folds,  with  occasional  faultscarps  having  a  general  east  or 
southeast  trend.  The  upper  beds  of  the  "Uinta"  formation  are  involved 
in  this  plication,  the  beds  being  metamorphosed  into  schists  and  qnartz- 
ites,  and  comprise  the  Red  Creek  quartzite  of  King,  Emmons,  and  Powell, 
and  referred  by  them  to  the  Archean.  East  of  O-wi-^Ti-kuts  plateau 
the  beds  dip  steeply  northeast,  with  a  northwest-southeast  strike. 

On  the  opposite  (south)  side  of  the  range  there  are  several  anticlinal 
folds  also  indicating  a  compression  at  right  angles  to  the  major  fold  of 
the  range.  The  stratigraphy  and  structure  of  the  eastern  end  of  the 
range  have  been  described  in  detail  by  Emmons  (2,  pages  262-298). 

EXTENT  OF  MAJOR  FOLD 

The  general  anticlinal  structure  of  the  Uinta  range  extends  from  the 
west  face  of  the  Wasatch  range  to  the  foothills  of  the  Park  range  in  Colo- 


FOLDING  445 

rado.  The  Wasatch  and  TJinta  ranges  are  separated  by  Kamas  valley  and 
a  group  of  irregular  hills  formed  of  extrusive  andesite  and  breccia.  In 
the  Wasatch  range  the  fold  is  broken  by  the  granite  intrusion  and  asso- 
ciated rocks  forming  the  peaks  and  ridges  about  the  headwaters  of  Little 
and  Big  Cottonwood  creeks.  On  the  north  side  of  this  intrusive  mass  the 
sedimentary  rocks  dip  to  the  north  and  northwest  and  the  anticline 
pitches  down  beneath  the  Salt  Lake  valley.  On  the  south  side  the  steep 
south  or  southeast  dips  change  rapidly  to  an  average  dip  of  5  to  10  de- 
grees, and  in  American  Fork  canyon  a  secondary  fold  occurs  with  a 
northwest-southeast  trend. 

The  axis  of  the  Uinta  fold  trends  a  little  north  of  east  as  far  as  Leidy 
peak,  and  occupies  a  position  north  of  the  crest  of  the  range  (see  plate 
48).  From  this  point  the  trend  is  east  to  the  O-wi-yu-kuts  plateau.  In 
the  Green  River  region  the  fold  is  broken  by  a  thrust  movement  having  a 
general  northwest-southeast  strike  and  changing  to  east-west  on  both  the 
north  and  south  slopes  of  the  range.  East  of  this  region  the  fold  is  much 
less  prominent  and  is  largely  covered  by  later  deposits.  This  portion  of 
the  uplift  has  been  described  by  C.  A.  White  (5). 

OTHER  SIMILAR  FOLDS 

Until  within  recent  years  it  has  been  supposed  that  the  Uinta  range 
was  the  only  fold  in  the  Cordilleran  region  having  an  east-west  trend. 
Darton  has  described  (9)  a  similar  fold  forming  the  Owl  Creek  range. 
Recent  work  in  central  Wyoming  by  the  same  geologist  has  shown  the 
occurrence  of  several  folds  having  the  same  trend. 

While  the  major  folding  of  the  eastern  and  central  Cordilleran  region 
varies  in  trend  from  north-south  to  northwest-southeast,  there  was  a  con- 
siderable crumpling  of  the  crust  in  the  opposite  direction.  So  far  as 
observations  have  been  made,  both  movements  seem  to  have  occurred 
during  approximately  the  same  geologic  period. 

AGE  OF  THE  FOLDING 

It  appears  to  be  generally  considered  that  the  orographic  movement 
which  in  great  measure  determined  the  position  and  direction  of  the 
Rocky  Mountain  and  Central  Cordilleran  ranges  developed  after  the  depo- 
sition of  the  last  marine  Cretaceous  strata  and  prior  to  the  deposition  of 
the  fresh-water  Eocene  sediments.  Observations  during  recent  years  in- 
dicate that  this  interval  represents  a  long  period  of  geologic  time.  There 
was  profound  faulting  and  folding  and  upthrusting  of  the  crust  which 
mark  this  as  one  of  the  great  periods  of  mountain  building  of  the  earth's 
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Part  I.  Observations  bearing  on  the  Problems  of  Origin 

INTRODUCTION 

A  discussion  of  the  nature  of  geographic  and  climatic  control  of  sedi- 
mentation has  been  previously  made  by  the  writer  in  order  that  the 
origin  of  certain  specific  formations  might  be  dealt  with,  and  the  present 
paper  on  the  interpretation  of  the  Mauch  Chunk  follows  these  previous 
articles  in  logical  sequence,  f 

•  Manuscript  received  by  Secretary  of  the  Society  from  Censor  October  28,  1907. 

t  Relative  geological  importance  of  continental,  littoral,  and  marine  sedimentation. 
Journal  of  Geology,  vol.  ziv,  1006,  pp.  316-356,  430-457,  524-568. 

Relations  between  climate  and  terrestrial  deposits.  Presented  before  the  Geol.  Spc. 
Am.  December  26,  1906.     Printed  in  abstract  in  the  Proc.  Geol.  Soc  Am. 
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The  first  part  of  the  present  paper  consists  of  a  presentation  of  the 
Significant  facts  of  the  Mauch  Chunk  shales,  gathered  both  from  the 
literature  and  from  personal  observation.  \The  second  part  deals  with 
the  interpretation  of  these  facts.  Where  a  new  view  is  to  be  proved  the 
observational  and  inferential  portions  should  be  strictly  separated,  but 
at  the  same  time  the  purpose  for  which  the  facts  are  presented  should  be 
evident  when  they  are  given.  It  is  therefore  desirable  to  state  in  advance 
the  conclusion  finally  reached,  which  is  that  in  the  anthracite  region, 
more  surely  in  the  southeastern  and  eastern  portions,  the  whole  forma- 
tion, from  top  to  bottom,  was  a  subaerial  delta  deposit  laid  down  under  a 
semiarid  climate. 

Besides  merely  the  essential  facts,  there  are  included  in  the  descriptive 
portion  many  details  which  are  not  used  in  drawing  the  conclusions,  but 
which,  if  the  hypothesis  of  terrestrial  deposition  be  accepted,  are  interest- 
ing as  showing  in  a  definite  case  what  the  minor  characteristics  of  such  a 
formation  may  be.  They  are  doubtless  also  valuable  as  indicating  specific 
features  of  climate  or  geography,  even  though  their  significance  may  not 
at  present  be  understood. 

GENERAL  DESCRIPTION  OF  THE  MAUCH  CHUNK  FORMATION 

The  Mauch  Chunk  shale  is  the  name  of  a  strongly  individualized  for- 
mation of  the  Lower  Carboniferous  of  Pennsylvania,  chiefly  consisting, 
in  the  region  of  its  typical  development,  of  alternating  red  shales  and  red 
sandstones,  the  ratio  of  the  two  varying  through  different  horizons  of  the 
formation  and  in  different  districts. 

Xot  a  little  of  the  distinctive  character  of  the  Mauch  Chunk  is  due  to 
its  sharp  contrast  with  the  preceding  and  succeeding  formations.  The 
inferior,  the  Pocono  sandstone,  consists  of  a  great  thickness  of  grayish 
green  to  light  gray,  cross-bedded  sandstones,  the  whole  weathering  white 
and  constituting  a  massive  and  resistant  formation,  topographically 
prominent  wherever  it  occurs.  Above  the  Mauch  Chunk  lies  the  Potts- 
ville  conglomerate,  interstratified  with  gray  sandstones.  The  Pottsville, 
like  the  Pocono,  is  a  resistant  formation  and  one  to  whose  protecting 
rim  many  of  the  smaller  synclinal  coal  basins  owe  the  preservation  of 
their  coal  during  the  Tertiary  cycle  of  erosion.  In  contrast  with  these 
adjacent  formations  the  Mauch  Chunk  as  a  whole  is  weak  and  conse- 
quently readily  reduced  to  local  base  level.  It  yields  a  red  loamy  soil, 
and  where  the  formation  is  thickest,  as  around  the  southern  and  middle 
anthracite  coal  basins,  gives  rise  to  comparatively  level  and  broadly  open 
valleys.  These  are  utilized  for  agriculture,  and  the  checker-work  of 
fields  contrasts  strikingly  with  the  forest-covered  and  level-topped  slopes 
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which  rise  on  each  side  to  a  height  in  the  neighborhood  of  a  thousand  feet. 

The  broader  characters  and  relations  of  the  Mauch  Chunk  shales  of 
Pennsylvania  and  the  synchronous  deposits  of  other  portions  of  the  Ap- 
palachian basin  have  been  recently  so  admirably  summed  up  by  J.  J. 
Stevenson*  from  the  previous  studies  of  himself  and  others  that  only 
sufficient  need  be  here  outlined  to  bring  the  chief  features  to  mind. 

The  formation  in  question  was  laid  down  with  a  character,  thickness, 
and  distribution  much  more  variable  than  that  of  the  underlying  Pocono. 
Its  maximum  development  occurs  in  the  anthracite  coal  regions  and  it 
there  possesses  its  typical  character.  Beyond  the  limits  of  the  state  of 
Pennsylvania  the  equivalent  formations  are  so  different  that  other  najaes 
must  be  applied.  In  eastern  Ohio  the  strata  pass  into  the  upper  ^rt 
of  the  Waverly  group,  while  to  the  southwest  in  Maryland  and  Vir^JBa 
the  Greenbrier  limestone  occupies  the  horizon  of  the  lower  portion\f 
the  shales.  In  contrast  to  the  considerable  thickness  to  the  south,  the 
shales  are  thin  along  all  the  northern  outcrops  in  Pennsylvania  and 
often  missing  from  between  the  Pocono  below  and  the  Pottsville  above. 

The  Mauch  Chunk  reaches  its  greatest  thickness  in  the  region  of  the 
southern  anthracite  coal  field,  according  to  Eogers  measuring  at  least 
3,000  feet  at  Pottsville.  At  Mauch  Chunk,  Winslow  gives  figures  of 
2,168  feet  on  the  south  side  of  the  syncline  and  3,342  on  the  north. 
From  these  maximum  thicknesses  it  diminishes  northward  to  1,000  feet 
at  Solomons  gap,  near  Wilkes  Barre,  and  150  feet  of  green  shales  and 
flaggy  sandstones  at  Pittston.  Passing  westward  from  Pottsville,  first 
to  the  Broad  Top  coal  field,  Ashburner  and  Billin  give  it  a  thickness  of 
1,100  feet,  divided  into:  1,  Upper  shales  and  sandstones,  910  feet;  2, 
Mountain  (Greenbrier)  limestone,  49  feet;  3,  Lower  shales  and  sand- 
stones, 141  feet.f  Northwest  of  the  Broad  Top  field  and  back  of  the 
Alleghany  Mountain  front  the  thickness  is  given  by  Butts,  in  the  Ebens- 
burg,  Pennsylvania,  folio,  as  but  180  feet,  of  which  the  lower  80  feet 
consist  of  thick  bedded  gray  to  greenish  sandstone,  corresponding  per- 
haps to  the  Greenbrier  limestone,  and  underlaid  by  5  to  6  feet  of  inter- 
bedded  red  shale  and  sandstone.  At  the  most  southwestern  outcrop  in 
Pennsylvania,  that  of  Laurel  ridge  (Masontown-Uniontown  quadrangle), 
M.  E.  Campbell  gives  the  entire  thickness  as  250  feet,  consisting  of  three 
members.  At  the  base  are  50  feet  of  typical  Mauch  Chunk  red  shale, 
followed  bv  30  feet  of  Greenbrier  limestone,  which  is  in  turn  succeeded 
by  170  feet  of  red  and  green  shales,  with  occasional  beds  of  greenish 
sandstone. 

*  Lower  CarbonlferouB  of  the  Appalachian  basin.  Bull.  Geol.  Soc.  Am.,  vol.  14,  1902, 
pp.   16-96. 

t  Second  Geological  Survey  of  Pennsylyania.  Summary,  final  report,  vol.  8,  part  1, 
p.  1838. 
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It  is  seen  from  these  details  that  the  edge  of  the  great  Greenbrier 
limestone  of  Virginia  and  farther  west  reaches  into  southwestern  Penn- 
sjlyania  only,  thinning  away  to  a  knife-edge,  and  its  place  being  appar- 
ently taken  near  its  margin  by  thick  bedded  gray  to  greenish  sandstones, 
noted  as  80  feet  thick  in  the  Ebensburg  folio. 

Becent  observations  tend  to  show  that  over  the  western  half  of  Penn- 
sylvania, as  well  as  over  the  states  of  the  central  west,  nplif  t  and  erosion 
intervened  to  a  greater  or  less  extent  between  the  latest  deposits  of  the 
/  Mississippian  period  and  the  earliest  of  the  Pennsylvania,*  the  adjacent 
formations  being  sharply  distinct  and  different  members  of  the  Manch 
Chunk  or  equivalent  formations  coming  into  contact  with  the  Pottsville 
sandstone.  The  scantiness  of  the  Mauch  Chunk  along  the  northern  side 
of  .ihe  area  appears,  however,  to  have  been  due  largely  to  the  thinness  of 
the  original  deposition,  since  nowhere  is  it  reported  as  more  than  100 
feet  in  thickness,  and,  as  may  be  seen  by  tracing  the  formation  eastward 
along  the  north  margin  of  the  northern  coal  field,  the  red  shales  gradu- 
ally disappear  by  transition  into,  and  interfingering  with,  greenish  shales 
and  flaggy  sandstones  of  the  same  character  as  the  Pocono.  These  facts 
tend  to  confirm  the  idea  of  H.  D.  Rogers  that  the  XJmbral  (Mauch 
Chunk)  shale  was  never  deposited  beyond  these  limits.  Some  erosion 
of  the  upper  strata  appears  to  liave  also  occurred,  however,  preceding 
the  earlier  deposits  of  Pottsville  conglomerate  and  sandstone. 

But  such  an  erosion  interval  with  resulting  unconformity  and  strati- 
graphic  contrast  between  the  two  adjacent  members  is  absent  in  the 
region  of  the  southern  anthracite  coal  field,  where  there  are  from  500  to 
600  feet  of  transition  beds.  These  are  described  by  A.  D.  W.  Smith,f 
who  states  "at  times  in  these  transition  beds  heavy  conglomerates,  pre- 
dominate, with  but  few  sandstones  and  shales,  or  again  the  whole  series 
may  be  composed  of  coarse  sandstones  and  shales,  with  the  green  and 
reddish  tinge  running  high  in  the  formation,  making  it  diflScult,  even 
when  a  complete  section  is  at  hand,  to  decide  where  the  line  between  the 
two  formations  should  be  drawn."  David  White,  from  the  investigation 
of  the  fossil  plants,  concludes  that  half  of  the  formation  in  the  Pottsville 
basin  was  deposited  before  deposition  began  in  the  western  part  of  the 
state.  J 

These  facts  point  to  the  conclusion  that  sedimentation  was  continuous 
over  the  Pottsville  trough  of  maximum  subsidence.     Consequently  the 

•  Chamberlin  and  Salisbury :  Geology,  vol.  11,  1906.  p.  SOS. 

t  Second  Geological  Survey  of  Pennsylvania.  Summary,  final  report,  vol.  111.  part  1, 
1806,  p.  1921. 

t  The  Btratlgraphlc  Buccession  of  the  fossil  floras  of  the  Pottsville  formation  in  the 
southern  anthracite  coal  field.  20th  Ann.  Rept.  U.  S.  Geological  Survey,  part  11,  1900, 
pp.  765-918. 
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lower  half  of  the  Pottsville  and  upper  transitional  Mauch  Chunk  repre- 
sent a  time  interval  when  not  only  sedimentation  ceased  over  the  greater 
portion  of  the  northeastern  Appalachian  basin  and  Mississippi  valley, 
but  actual  uplift  took  place,  or  change  in  other  conditions,  such  as  rain- 
fall, suflRcient  to  result  in  widespread  though  not  very  deep  erosion. 

THE  MAUCH  CHUNK  OF  THE  ANTHRACITE  COAL  BA8IN8  J 

Stratigraphic  characters, — The  outcrops  of  the  Mauch  Chink  sur- 
rounding the  southern  and  middle  anthracite  coal  basins  offer  Ivorable 
opportunities  for  the  study  of  the  formation.      In  this  region  it  iSf. 
observed  to  consist  of  red  shales,  often  more  or  less  sandy,  and  red  sand-  . 
stones,  often  highly  argillaceous.     Conglomerates   are  extremely  rare, 
except  in  the  transition  beds  in  the  upper  part  of  the  formation,  where 
green  shales  in  sparing  amount  may  also  be  observed.     Impure  calcite  / 
concretions  in  red,  sandy  shales  occur  scattered  through  much  of  the  ' 
formation,  but  especially  the  lower  half.     These  concretions  are  usually 
nodules  from  1  to  2  inches  in  diameter,  which  may  be  so  abundant 
as  to  form  an  impure  limestone  and  are  apt  to  be  segregated  in  certain 
laminae. 

The  microscope  shows  the  shales  to  contain  more  ferric  oxide  than  the 
sandstones,  as  would  be  expected  from  the  usual  association  of  ferric 
oxide  and  clay  except  where  reducing  waters  have  leached  out  the  iron. 
The  colors  of  the  shales  are,  more  accurately,  bright  brownish  reds. 
The  sandstones  vary  from  brownish  red  to  grayish  and  reddish  purple, 
but  usually  possess  a  sufficient  amount  of  ferric  oxide  to  give  them  a 
color  tone  approximating  to  that  of  the  shales.  There  is,  in  fact,  in  the 
formation  as  a  whole  a  marked  homogeneity  of  color.  The  purer  sand- 
stones are,  however,  in  some  places  delicately  banded  in  color,  though 
still  massive  in  texture,  due  to  very  thin  laminae  of  sand  not  over  a  milli- 
meter in  thickness,  being  relatively  free  from  clay,  and  consequently  also 
from  iron.  These  make  handsome  building  stones,  being  used  for  that 
purpose  in  many  of  the  finest  buildings  in  the  principal  cities  of  the 
region.  Occasionally  beds  of  gray  or  green  shales  may  also  be  observed, 
but  not  in  the  body  of  the  formation  in  the  areas  of  maximum  sedi- 
mentation. 

During  the  progress  of  the  second  geological  survey  of  Pennsylvania, 
Winslow  recorded  complete  sections  of  the  Mauch  Chunk  formation  at 
Mauch  Chunk  on  the  Lehigh  river  and  at  Solomons  gap  near  Wilkes 
Barre,  24  miles  to  the  north.*  These,  being  made  by  the  same  observer, 
are  valuable  for  illustrating  the  variations  in  the  formation  and  are 

•  Sommary,  final  report,  toI.  3,  part  i,  1895,  pp.  1815,  1821. 
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reproduced  here  in  order  that  they  may  be  compared.  A  good  section 
of  the  transition  beds  at  the  top  of  the  Manch  Chunk  at  PottsTille  is 
given  by  D.  White.* 

Seetionu  of  Maudi  Chunk  Shale$,  Wintiotr 


,     Shales 
Sandstone.         and 

sandstone. 


Shales. 


At  Maach  Chunk : 

Meant Pisgah,  FottF^ille  conglomerate  and 
sandstone  with  ehaly  bands 320 

Bed  shale  in  the  body  of  the  conglom- 
erate   oOO 

Lower  conglomerate  with  a  green  matrix, 
large  quartz  pebbles 120 

Upper  beds  of  Maach  Chunk  red  shale  and 
sandstone 

Sandstone,  yellow  and  friable 

Red  shale 

Chocolate  colored  and  gray  hard  sandstone. . . 

Shales,  mot<tly  concealed 

Pocono  sandsti^ne 


At  Solomons  gap : 

Pottaville  conglomerate 

Mauch  Chunk,  red  and  green  shale  with  cal- 
careous layers 

Brick  red  shale 

Sandstone,  reddish  gray,  with  quartz  pebbles 
and  alw)  red  shale  ixjublea 

Shale  and  sandstone,  red  and  massive 

Sandstone,  reddish  and  greenish  gray,  with 
fine  fjuartz  pebbles , 

Brick  red  shale , 

Samlstone,  fine,  greenish  gray,  which  might 
be  just  as  well  made  the  top  layer  of  the  Po- 
cono as  the  bottom  layer  of  the  Mauch 
Chunk 183 


83 

28' 


1,662 


111 


1,662 


28 
367 


395 


246 
120 


It  is  seen  from  these  sections  that  no  marked  division  lines  characterize 
the  formation  throughout  the  whole  region,  though  near  the  bottom  in 
each  section  is  a  considerable  body  of  shale.  The  dominant  stratigraphic 
'  feature  consists  in  the  intimately  interstratified  beds  of  sandstone  and 
shale  occupying  considerable  portions  of  the  section  where  the  formation 
is  thick.  There  are  other  portions,  however,  in  the  same  sections  in 
which  shale  is  the  principal  factor.     It  is  to  be  noted  also  that  shale 


*  20th  Ann.  Kept.  T7.  8.  Geological  Surrey,  part  ii,  plate  clxzxU. 
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forms  a  greater  ratio  of  the  whole  at  Solomons  gap,  where  the  formation 
is  thinner. 

The  sandstone  members  without  notable  shale  are  seldom  thick,  in 
only  one  case  exceeding  31  feet,  and,  as  observed  by  the  writer,  are  hard 
and  fine  grained.  The  individual  strata  possess  an  average  thickness  of 
perhaps  a  foot,  but  often  of  not  more  than  an  inch.  In  the  shale  sand- 
stone portions  the  individual  beds  of  sandstone  are  separated  from  each 
other  by  thin  partings  of  shale.  The  sandstone  strata  are  continuous 
over  the  limits  of  any  one  exposure,  and  no  marked  bottom  channels  are 
to  be  observed  where  the  sandstone  rests  on  shale.  All  gradations  from 
hard,  somewhat  ferruginous  sandstones  through  argillaceous  sandstones 
to  sandy  shales  are  abundant.  Ripple  marks,  wave  marks,  and  current 
marks  are  common  upon  the  surfaces  of  the  arenaceous  beds.  Cross- 
bedding  is  common,  and  a  small  amount  of  calcium  carbonate  is  fre- 
quently present,  as  shown  by  calcite  infiltrations  into  fracture  planes 
and  as  seen  under  the  microscope. 

The  argillaceous  strata  where  forming  thick  masses  are  very  seldom 
well  exposed,  the  weathering  of  a  few  years  sufficing  to  cause  recently 
excavated  material  to  crumble  into  a  soft  rubbish,  as  may  be  observed 
in  the  railroad  cuttings  and  fillings.  The  surfaces  of  shale  where  re- 
maining exposed  develop  such  a  close  and  irregular  fissility  that  observa- 
tions on  the  original  nature  of  the  bedding  planes  are  impossible.  Usu- 
ally such  massive  shales  possess  a  perceptible  amount  of  siliceous  grit, 
and  have  resulted  from  the  consolidation  of  loamy  clays.  The  shale 
layers  may  consequently  be  best  studied  where  they  form  the  partings 
between  the  sandstone  beds  of  the  shale  and  sandstone  members,  having 
been  protected  from  weathering  in  such  places  by  the  more  resistant 
strata.  Detailed  examination  was  made  by  the  writer,  to  such  extent 
as  time  permitted,  of  the  section  cut  by  the  Lehigh  river  at  Mauch  Chunk, 
and  more  thoroughly  of  the  section  along  the  Schuylkill  river  at  Potts- 
ville.  The  former  showed  very  little  structure  in  the  shale  beds,  while 
at  Pottsville  the  original  structures  were  excellently  preserved.  The 
difference  between  these  two  regions  is  to  be  ascribed  with  high  probability 
to  the  fact  that  the  section  at  Mauch  Chunk  cuts  across  the  compressed 
end  of  the  coal  basin  syncline.  The  consequent  changes  in  dip  within 
short  distances  must  have  involved  during  the  folding  considerable  ad- 
justment of  adjacent  strong  beds  upon  each  other,  as  is  in  fact  testified 
to  by  the  numerous  minor  slip  planes  and  fractures  in  the  sandstones. 
Under  such  circumstances  the  shaly  partings,  while  still  protected  from 
weathering,  seem  to  have  formed  planes  of  adjustment  with  more* or  less 
obliteration  by  shear  of  the  original  features.    At  Pottsville,  on  the 
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other  hand,  while  the  strata  haye  heen  tilted  beyond  the  vertical,  the  dip 
is  constant  throughout  the  section,  and  the  depth  of  the  bottom  of  the 
syncline  at  that  place  prevents  the  present  exposed  portion  from  being 
near  the  region  of  changing  dip.  Observation  does  not  indicate  any 
lateral  adjustment  between  beds. 

«  Inorganic  evidences  of  subaerial  exposure. — These  shaly  partings,  as 
noted  by  H.  D.  Rogers,  frequently  show  a  glazed  surface,  which  he  con- 
siders as  an  indication  of  the  freshly  deposited  clay  having  been  exposed 
to  the  air  in  a  wet  state.     He  further  remarks : 

'TThese  glazed  surfaces  not  only  sometimes  retain  the  impressions  of  delicate 
water  marks  and  groovings  such  as  water  trickling  down  a  slimy  or  wet  sandy 
beach  always  produces,  but  are  sometimes  imprinted  with  the  markings  called 
"rain  spots,'  and  more  rarely  the  footprints  of  land  animals  or  cracks  filled  with 
sand,  such  as  geologists  are  wont  to  attribute  to  shrinkage  in  mud  from  the 
sun's  heat."* 

The  best  exposures  among  those  examined  by  the  writer  were  at  Potts- 
ville,  on  the  west  side  of  the  river.  The  lower  400  feet  (estimated)  do  not 
show  rock  outcrops,  but  from  the  development  of  the  drainage  and  the 
character  of  the  soil  the  strata  are  judged  to  form  predominantly,  if  not 
entirely,  a  shaly  mass.  The  middle  two-thirds  of  the  formation  are  more 
arenaceous  and  resistant  and  the  vertical  strata  cut  across  bv  the  river 
furnish  ideal  opportunities  for  studying  the  sequence  of  the  beds.  The 
exposures  have  been  increased  in  recent  years  by  excavations  into  the 
cliffs  to  allow  laborers'  cottages  to  be  built  between  them  and  the  road- 
way, and  on  account  of  the  rapid  weathering  of  the  shale  surfaces  they 
are  doubtless  now  at  their  best. 

Beginning  with  the  first  good  exposures,  not  more  than  500  to  550 
feet  from  the  top  of  the  Pocono,  the  first  unmistakable  mud-cracked 
surfaces  appear  on  the  incoherent,  tliin  and  lustrous,  shaly  laminsB  sep- 
arating the  sandstone  beds.  In  close  contiguity  with  this  lowest  observed 
mud-cracked  stratum  is  one  of  calcareous  shale  holding  lime  concretions 
2  inches  in  diameter.  The  view  in-  plate  49  is  taken  a  little  above  this 
horizon.  From  this  point  upward  through  the  next  1,500  feet  of  strata 
strikingly  mud-cracked  surfaces  are  found  at  short  intervals,  a  view  in 
the  upper  portion  being  shown  in  plate  50,  while  on  many  intermediate 
beds  more  or  less  faint  patterns  of  mud-crack  polygons  may  be  seen  by 
careful  observation.  Certain  of  these  would  not  be  positively  identified  as 
mud-cracked  surfaces  were  it  not  for  the  association  with  adjacent  strata 
in  which  they  are  beyond  doubt.  In  the  better  instances  smooth  shale 
strata  are  intersected  by  polygonal  ribs  of  sandstone  from  sand  carried 


*  Geology  of  Pennsylvania,  vol.  11,  part  11,  1858,  p.  831. 
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into  the  cracke  during  the  deposition  of  the  overlying  sand  beds.  Usually 
moat  of  the  shale  has  scaled  away,  leaving  the  polygonal  sandy  frame- 
work standing  slightly  in  relief. 

Where  the  surfaces  of  the  mud-cracked  shale  laminse  are  well  preserved 
they  are  frequently  seen  to  be  plate-like  polygons  with  raised  rims,  giving 
flurfaces  concave  upward.  Such  warped  as  well  aa  mud-cracked  strata 
are  commonly  observed  on  modem  dried  mud-flats,  the  structure  result- 
ing from  the  drying,  ehrinking,  and  hardening  of  the  upper  side  while 
the  lower  ia  still  moist.  It  is  seldom  that  the  relations  of  the  shale 
stratum  to  the  sandstones  both  above  and  below  are  well  exposed,  either 
the  upper  or  lower  stratum  being  broken  away.  In  one  instance,  how- 
ever, in  the  middle  of  the  Mauch  Chunk  formation,  where  both  sandstone 
layers  were  preserved,  the  overlying  sanilstone  passed  without  interrup- 
tion down  into  the  cracks  and  spread  out  below  the  shale  stratum,  filling 
the  space  made  by  the  upturned  rims  of  the  polygonal  disks.  These 
underspaces  were  about  half  an  inch  wide  at  the  middle  and  tapered  to 
a  knife-edge  at  about  3  to  4  inches  each  side  of  the  crack,  as  in  the 
accompanying  sketch. 


Scale  in  inches 

FiGL-HB  I, — Dttail  of  Uiid-crackt  In  Uaach  Chunk  Shale. 

View  takcD  [ooklos  at  tbe  «dge  ot  a  miid-cracked  Btratum  fi'om  tbe  locaUly  sbown  Id 

plate  BO. 

From  experiments  made  by  the  writer,  it  does  not  seem  probable  that 
such  mud-cracked  clay  laj'era  co\dd  hold  up  the  margins  of  their  disks 
upon  being  rewet  until  the  sweep  of  the  waters  had  filled  the  underspaces 
with  a  clean  sand,  especially  when,  as  in  this  case,  the  mud-cracked 
strata  were  of  a  loamy  nature.  On  the  other  hand,  the  structure  cor- 
responds to  what  may  he  observed  on  the  floodpiains  of  semiarid  regions, 
where  during  the  drj-  season  the  channel  sands  are  swept  by  the  winds 
across  the  mud-cracked  flats,  drifting  tlicni  full  of  sand  and  thus  pre- 
serving them  before  they  are  rewet.     At  places  where  the  cracks  are 
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indistinct  or  indefinite  the  rock  is  usually  a  thick  and  fissile^  sandy,  red 
shale,  the  cracks  having  been  filled  with  material  of  the  same  nature. 
The  talus  from  such  an  exposure  consists  of  fragments  smaller  than  the 
polygons,  and  hence  the  mud-cracks  can  seldom  be  observed  upon  them. 
Upon  a  sufficiently  broad  exposure  of  the  bedding  plane,  however,  nearly 
tangent  sunlight  may  bring  out  a  shadowy  pattern  standing  in  slight 
relief.  Upon  the  well  cracked  surfaces  the  cracks  average  from  0.5  to 
1.0  inch  in  width,  the  irregular  polygons  from  0.5  to  2.0  feet  in  diameter. 
The  depth  of  the  crack  appears  to  be  limited  by  the  depth  of  the  stratum, 
and  is  never  traceable  for  more  than  0.5  to  1.0  inch.  Dimpled  surfaces 
were  occasionally  observed,  but  the  writer  is  not  certain  that  the  ones 
seen  at  this  place  were  rain-prints.  Rogers,  however,  observing  other 
surfaces,  reports  rain-prints  from  this  section.  The  definitely  mud- 
cracked  strata  cease,  on  ascending  through  the  formation,  opposite  the 
wagon  bridge  across  the  Schuylkill  probably  about  three-fourtlis  of  the 
height  from  the  bottom  of  the  formation,  and  the  rock  becomes  more  of 
a  sandy  shale.  Mud-cracked  patterns  are  thought  to  be  shadowed  forth, 
however,  in  one  or  two  places  during  the  next  couple  of  hundred  feet. 
Here  a  lateral  valley  intervenes,  and  to  the  north  of  it  occur  the  upper- 
most Mauch  Chunk  and  the  transition  beds  to  the  Pottsville.  The  out- 
crop of  these  transition  beds,  consisting  of  red  shale,  light  colored  sand- 
stone, and  conglomerate,  while  showing  the  sequence  of  the  beds  and 
giving  good  exposures  of  the  conglomerate,  do  not  exhibit  the  bedding 
planes  of  the  shales. 

It  is  thus  to  be  concluded  that  at  Pottsville,  where  the  formation 
reaches  its  greatest  thickness,  at  least  two-thirds  of  it,  including  all  the 
central  portion,  were  formed  under  conditions  which  permitted  frequent 
drying  in  the  air  of  the  successive  strata  previous  to  their  burial. 
*  Near  the  village  of  Dauphin,  on  the  Susquehanna,  45  miles  southwest 
of  Pottsville,  on  the  strike  of  the  formation,  H.  D.  Rogers  not«d  the 
presence  of  mud-cracks  exposed  in  a  roadside  quarry,  and  accompanies 
his  description  with  an  illustration.  He  states  in  1858  that  "frost  and 
weather  have  long  since  defaced  the  surface,  which,  when  it  was  freshly 
uncovered,  many  years  ago,  offered  a  striking  example  of  the  phenome- 
non."* This  sentence  of  Rogers  emphasizes  an  important  point  in  con- 
nection with  evidences  of  continental  origin  of  argillaceous  strata  and  one 
already  partly  stated  earlier  in  this  article — that  in  shale  rocks  such 
features  as  mud-cracks,  especially  whore  filling  and  matrix  are  alike, 
can  usually  only  be  well  observed  upon  fresh  exposures  of  the  bedding 
planes.     It  is  possible  to  study  an  entire  section  of  natural  outcrops  of 

*  Geology  of  Pennsylyania,  vol.  11,  part  11,  p.  831. 
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shales  without  having  the  attention  called  to  the  presence  of  mud-cracks, 
even  though  the  formation  may  in  reality  abound  in  them. 

•The  writer  examined  also  the  section  from  White  Haven,  on  the 
Upper  Lehigh  river,  to  Wilkes  Barre,  but  the  exposures  were  old  and 
those  of  shale  not  numerous,  with  the  result  that  well  defined  mud-cracks 
were  noted  at  only  one  place.  This  was  in  the  lower  portion  of  the  for- 
matiofij  3.5  miles  north  of  White  Haven,  where  the  fresh  waste  rock 
from  the  excavation  of  a  cellar  had  been  thrown  two  years  previously 
into  the  roadway.  In  this  material  numerous  good  examples  of  both 
mud-cracks  and  rain-prints  were  found.  Slabs  bearing  rain-prints  were 
also  observed,  however,  on  the  road  leading  to  the  White  Haven  Sana- 
torium in  the  Upper  Mauch  Chunk,  as  well  as  at  this  other  locality. 

These  indications  of  exposure  to  the  air  during  sedimentation  were 
found  from  15  to  18  miles  north  of  the  present  southeasternmost  outcrop 
at  Mauch  Chunk  and  in  what  is  now  on  the  strike  of  the  central  portion 
of  the  basin  of  deposition^  That  the  basin  was  formerly  much  more 
extensive  is  shown  bv  the  fact  that  the  Mauch  Chunk  formation  reaches 
its  greatest  thickness  in  the  region  of  the  southern  coal  basin,  but  the 
material  is  fine  grained  and  not  strikingly  different  from  that  farther 
northwest.  Considering  its  thickness  of  3,000  feet,  this  outcrop  must 
have  been  at  least  a  score  of  miles,  and  perhaps  several  times  that  dis- 
tance, from  the  southeastern  margin  of  the  original  basin.  There  is 
nothing,  in  fact,  save  these  marks  of  subaerial  exposure  to  suggest  the 
proximity  of  such  a  shore  as  has  been  frequently  postulated  in  order  to 
explain  their  presence.  The  results  of  these  limited  observations  indi- 
cate that  further  detailed  search  would  doubtless  yield,  on  other  sections, 
still  more  evidences  of  widespread  mud-cracking. 

The  Pottsville  and  White  Haven  sections  fiirther  supplement  each 
other.  At  Pottsville  the  middle  two-thirds  of  the  Mauch  Chunk  were 
well  displayed,  and  showed  that  the  argillaceous  strata  were  habitually 
exposed  to  the  air  and  well  dried  before  being  covered  by  the  succeeding 
stratum  of  sand.  At  White  Haven  evidences  of  subaerial  exposure  were 
found  in  the  lowest  quarter  and  also  in  the  uppermost  quarter  of  the 
formation.  If  it  be  not  unwarranted  to  consider  the  evidence  of  the 
one  region  as  applying  also  to  the  other,  it  may  consequently  be  stated 
that  from  the  beginning  to  the  end  oif  the  deposition  of  the  Mauch  Chunk 
in  the  region  of  the  southern  and  middle  anthracite  coal  basins  there  is 
inorganic  evidence  of  a  frequent  exposure  to  the  air  following  the  laying 
down  of  the  argillaceous  strata.  Xaturally  in  only  a  small  per  cent  of 
the  beds  would  the  evidence  of  such  exposure  be  both  preserved  and 
exposed. 
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reproduced  here  in  order  that  they  may  be  compared.  A  good  section 
of  the  transition  beds  at  the  top  of  the  Mauch  Chunk  at  Pottsville  is 
given  by  D.  White.* 

Sections  of  Matich  Chunk  Shales,  Winsloic 


Sandstone. 

Shales 

and 

sandstone. 

Shales. 

At  Mauch  Chunk : 

MountPiFgah,  Pottsville  conglomerate  and 
sandstone  with  shalv  bands 320 

Red  shale  in  the  body  of  the  conglom- 
erate   600 

Lower  conglomerate  with  a  green  matrix, 
large  quartz  pebbles 120 

Upper  beds  of  Mauch  Chunk  red  shale  and 
sandstone 

1,662 

Sandstone,  yellow  and  friable 

Red  shale 

83 

28 

Chocolate  colored  and  gray  hard  sandstone. . . 
Shales,  mostl v  concealed 

28 

367 

Pn<v»nn  RRnHnt/tnA.         ... 

111 

1,662 

395 

At  Solomons  gap : 
Pottsville  conglomerate 

Mauch  Chunk,  red  and  green  shale  with  cal- 
careous layers 

246 

Brick  red  shale 

120 

Sandstone,  reddish  grav,  with  quartz  pebbles 
and  also  red  shale  pel^bles 

27 

Shale  and  sandstone,  red  and  massive 

335 

Sandstone,  reddish  and  greenish  gray,  with 
fine  quartz  pebbles 

31 

• 

Brick  red  shale 

60 

Sandstone,  fine,  greenish  gray,  which  might 
be  just  as  well  made  the  top' layer  of  the  Po- 
cono  as  the  bottom  layer  of  the  Mauch 
Chunk 183 

58 

335 

426 

It  is  seen  from  these  sections  that  no  marked  division  lines  characterize 
the  formation  throughout  the  whole  region,  though  near  the  bottom  in 
each  section  is  a  considerable  body  of  shale.  The  dominant  stratigraphic 
!  feature  consists  in  the  intimatelv  interstratified  beds  of  sandstone  and 
shale  occupying  considerable  portions  of  the  section  where  the  formation 
is  thick.  There  are  other  portions,  however,  in  the  same  sections  in 
which  shale  is  the  principal  factor.     It  is  to  be  noted  also  that  shale 


*  20tli  Ann.  Rept  U.  S.  Geological  Survey,  part  11,  plate  clxxxU. 
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Organic  evidences  of  subaetial  exposure. — These  may  be  divided  into 
evidences  furnished  by  the  animal  and  vegetable  kingdoms  respectively. 
/Of  the  first  class  the  most  famous  are  the  tracks  left  by  Sauropus  pri- 
[  mcBvus  near  Pottsville,  mention  of  which  enters  into  all  text  books,  and 
which,  at  the  time  of  their  discovery  by  Mr  Lea,  in  1849,  were  the  oldeaft 
known  amphibian  footprints.  Rogers  states  that  they  were  found  about 
700  feet  below  the  top  of  the  formation,  and  adds : 

"About  1,500  feet  lower  in  the  formation  the  Geological  Survey  brought  to 
light  another  species  of  footprints  of  much  smaller  dimensions ;  and  soon  after- 
ward two  other  varieties,  at  a  spot  not  far  south  of  the  West  Branch  gap  in 
Sharp  mountain.  They  are  always  at  the  Incoherlng  partings  between  easily 
separating  beds  of  sandstone;  and  the  Indented  surface  Is  glazed  with  a  fine 
slimy  clay,  such  as  retreating  turbid  water  leaves  behind  It  The  scaling  off 
of  this  coating  of  clay  soon  obliterates  the  smaller  footprints."* 

The  present  writer  found  another  imperfect  impression  in  a  mud- 
cracked  stratum  not  far  from  the  horizon  of  Sauropus  primcevus. 

Supplementing  this  direct  evidence  of  the  presence  of  terrestrial  life 
is  the  statement  made  by  Rogers  in  1858,  .and  which  still  holds  good, 
that  the  only  marine  fossils  found  within  the  formation  are  comprised 
within  the  thin  wedge  of  the  Greenbrier  limestone,  beginning  at  its  edge 
in  Cambria  county  and  passing  thence  southwardly  through  Somerset 
county  to  Maryland.!  Farther  south,  as  well  as  in  the  Shenango  shales 
of  northwestern  Pennsylvania,  marine  fossils  of  Chester  forms  have  been 
found  in  strata  which  J.  J.  Stevenson  regards  as  contemporaneous  with 
the  Upper  blanch  Chunk.  J  Beside  the  footprints,  the  only  evidences  of 
animal  life  noted  by  the  writer  were  worm  tubes  in  the  shales,  crooked 
and  rambling,  filled  with  a  soft  and  more  lustrous  material,  distinguished 
from  plant  stalk  impressions  by  the  lack  of  straightness,  and  from  roots 
by  the  lack  of  attached  rootlets.  In  addition,  there  are  occasionally 
other  markings  whose  origins  have  not  been  positively  identified.  Rogers 
gives  an  example  of  one  of  these  which  he  thinks  may  be  the  trail  of  a 
mollusk.§ 

The  vegetable  kingdom  also  furnishes  its  share  of  evidence,  probably 
no  less  positive  in  its  nature,  if  understood,  but  in  regard  to  the  proper 
interpretation  of  which  it  is  more  difficult  to  be  assured.  On  these 
Rogers  makes  the  following  notes: 

"The  only  organic  remains  ever  met  with  In  the  Umbral  red  shale  of  our 
eastern  coal  fields  are  some  rare  impressions  of  a  large  plant-like  form,  di»- 


•  Geology  of  PennsylTania,  vol.  II,  part  11,  1856,  p.  831. 
t  Ibid.,  p.  832. 

t  Notes  upon  the  Mauch  Chunk  of  Pennsylvania.     American  Geologist,  vol.  xxix.  1902. 
p.  248. 

f  Geology  of  Penniylvanla,  yol.  11,  part  11,  p.  832. 
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covered  by  us  in  the  valley  Immediately  south  of  Sharp  mountain,  at  Potts- 
ville.  and  in  a  few  corresponding  localities.  This  imprint  upon  the  red  sand- 
stone has  often  the  aspect  of  a  large,  fleshy  leaf,  curiously  corrugated,  as  if  it 
had  been  crumpled,  while  in  a  flaccid  state,  by  compression  beneath  a  newly 
deposited  load  of  sediment.  Each  leaf-like  portion  exhibits  a  raised  rib  like 
an  obscure  rachis,  but  in  other  respects  it  bears  a  general  likeness  to  some 
tribes  of  the  algae,  or  sea-weeds.  Professor  Balfour  has  kindly  favored  me 
with  a  note  upon  It 

"We  sometimes  flnd  associated  with  this  feather-like  plant  another  marking 
in  the  rock,  which  traverses  the  strata  perpendicularly  and  branches  down- 
ward like  a  root,  and  which,  from  its  generally  occurring  in  the  same  layers 
with  the  flattish,  fucus-like  impression,  we  may  conjecture  to  have  been  its 
actual  root  In  one  or  two  instances  this  root-like  form  has  been  seen  to  pro- 
ceed from  a  large  rudely  spherical  body  of  similar  structure,  impressed  on 
the  surface  of  the  same  layer  of  red  sandstone  which  contained  a  quantity  of 
the  flatly  expanded  supposed  sea-weed — a  further  evidence  of  their  being 
related  as  the  upper  and  lower  parts  of  the  same  vegetable.  The  leaf-like 
portion  is  sometimes  between  2  and  3  feet  long  and  several  inches  wide,  and 
the  impressions  regarded  as  its  root  are  of  the  length  of  some  inches."* 

The  present  writer  was  fortunate  in  finding  some  well  defined  plant 
impressions  at  White  Haven  and  also  at  Pottsville.  Those  on  the  bed- 
ding planes  in  the  WHiite  Haven  region  were :  First,  fragments  of  slender 
reeds  resembling  thin  grass  stems  and  exhibiting  joints;  second,  im- 
pressions of  flattened,  strap-like,  coarser  stems  and  leaves  up  to  an  inch 
in  width  and  exhibiting  suggestions  of  parallel  venation;  third,  impres- 
sions of  stems  with  close  set  spiny  leafage,  the  spines  not  being  over  half 
an  inch  in  length;  an  illustration  of  this  type  is  shown  in  plate  51,  figure 
1 ;  these  may  be  portions  of  the  feather-like  plant  noted  by  Sogers.  In 
plate  51,  figure  2,  is  shown  an  impression  found  on  a  loose  block  of  sand- 
stone at  Pottsville,  which  on  account  of  being  developed  in  one  plane  is 
thought  probably  to  be  the  subaerial  rather  than  the  subterranean  portion 
of  a  plant.  If  this  interpretation  be  correct,  it  is  probably  somewhat 
related  in  nature  to  the  more  thickly  set  spiny  leafage  shown  in  plate  51, 
figure  1;  fourth,  in  sandstone  strata  the  root-like  impressions  were 
found  as  described  by  Eogers,  the  roots  branching  downward  into  primary 
and  secondary  branches  and  giving  rise  to  fine  tendrils;  but  whereas 
Rogers  foimd  the  root  impressions  of  a  length  of  some  inches  only,  the 
present  writer  found  them  exposed  for  a  depth  of  fully  a  foot,  with  indi- 
cations of  being  at  least  twice  that  length  (see  plate  52). 
•  Specimens,  drawings,  and  photographs  of  these  plant  impressions  were 
subsaitted  to  A.  W.  Evans,  Eaton  Professor  of  Botany,  of  Yale  univer- 
sity, who  kindly  gave  the  following  opinions : 


•  Ibid.,  p.  880. 
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First  The  hollow,  jointed,  slender,  reedy  fragments  suggest  the  equi- 
setae.  The  siliceous  nature  of  their  tissues  is  well  known,  and  these  are 
the  only  plant  impressions  in  which  any  of  the  original  substance  remains, 
though  the  carbon  has  completely  disappeared. 

Second,  The  impressions  of  the  flattened  leaves  suggest  affinities  with 
the  cordaites. 

Third.  The  spiny  leafage  resembles  the  lycopodiaceous  plants.  In 
none  of  these  could  Professor  Erans  see  resemblances  to  the  algse  with 
which  he  was  familiar. 

Fourth.  The  root  markings  suggest  a  plant  which  drew  nourisment 
from  the  soil.  The  larger  marine  algae,  on  the  contrary,  customarily  are 
attached  to  stones  by  means  of  hold-fasts.  The  smaller  marine  algae 
sometimes  develop  root-like  hold-fasts  where  growing  on  muddy  or 
sandy  bottoms,  but  these  in  modem  forms  are  always  small  and  delicate. 

Plant  remains,  for  the  purpose  of  the  present  paper,  are  not  of  high 
value  unless  there  is  evidence  of  burial  in  the  place  of  growth,  as  in  the 
case  of  the  root  impressions,  but  it  is  seen  that,  in  as  far  as  they  go, 
they  are  suggestive  of  a  land  origin.  The  manner  of  preserval  of  the 
remains  is,  however,  most  suggestive.  No  carbon  is  in  any  case  pre- 
served; neither  has  the  loss  of  carbon  decolorized  the  contiguous  shale, 
as  is  often  the  case  in  carbonaceous  strata.  On  the  contrary,  the  plant 
impressions  are  simply  smooth  lustrous  patterns,  marked  out  in  the 
duller  background  of  red  shale,  but  of  precisely  the  same  color  value. 
This  implies  complete  oxidation  of  the  carbon  by  free  oxygen,  and  not 
by  oxygen  from  the  ferric  oxide.  It  occurred,  therefore,  before  the  deep 
burial  of  the  accumulating  strata,  but  after  the  superficial  burial  of  the 
plant  fragments. 

Part  II.  Inferred  Conditions  of  Origin 

PREVIOUS  OPINIONS 

Bogers  ascribed  to  the  Mauch  Chunk  an  origin  in  a  shallow  sea, 

"contiguous  to  agitated  coasts  swept  by  turbid  currents,  a  sea  too  foul  with 
poisonous  sediments  to  permit  the  presence  of  the  usual  marine  animals;  and 
the  abundance  of  ripple-marks,  sun-oracks,  and  the  specks  attributed  to  rain, 
and  called  rain-spots,  confirm  the  impression  of  the  nearness  of  the  land  by 
giving  proof  that  the  layers,  while  yet  freshly  deposited,  were  frequently  laid 
naked  to  the  atmosphere."* 

Bogers  is  thus  seen  to  have  framed  an  explanation  which  reconciled 
the  universal  opinion  of  his  time,  that  sedimentation  was  essentially  a 
marine  or  lacustrine  phenomenon,  with  his  own  observations  indicating 

•  Geology  of  Pennsylyanla,  vol.  11,  part  11,  1858,  p.  704. 
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a  frequent  exposure  to  the  atmosphere.  One  weakness,  among  others, 
of  the  resulting  hypothesis  lies  of  course  in  the  contradiction  of  modem 
with  geological  evidence,  which  shows  that  abundant  muddy  sediments 
are  favorite  haunts  for  certain  kinds  of  marine  organisms. 

Lesley  states,  in  summing  up  his  conclusions  on  the  origin  of  the 
Mauch  Chunk  after  a  lifetime  of  study  on  the  Paleozoic  formations  of 
Pennsylvania,  that — 

"It  is  astonishing  to  see  the  great  green  and  gray  cross-bedded  sandstone  of 
the  Pocono  age  immediately  followed  by  an  equally  great  thickness  of  fine  red 
and  reddish  muds  deposited  in  layers  sometimes  as  thin  as  paper,  sometimes 
mixed  with  fine  red  sand,  and  showing  so  extreme  a  shallowness  of  the  water 
that  the  foot-tracks  of  lizards,  rain-drops,  and  shrinkage  cracks  produced  by 
the  heat  of  the  sun  haye  been  retained  between  the  layers.  This  shallowing 
of  the  sea  along  what  was  undoubtedly  a  broad  and  low-lying  shore  receives 
additional  evidence  from  the  occurrence  of  several  small  coal  beds  and  several 
small  layers  of  iron  ore  at  the  top  of  the  formation,  the  coal  layers  sometimes 
being  consolidated  into  a  thin,  workable  coal  bed,  and  the  series  of  thin,  solid 
or  nodular  iron  ore  layers  turning  in  places  into  solid  beds  of  carbonate  of 
iron  4  feet  thick,  as  at  Ralston,  Queens  run,  etc.,  or  multiplied  and  made 
economically  valuable  for  furnace  use,  as  on  the  west  side  of  Chestnut  ridge, 
in  Fayette  county. 

"The  surprise  of  the  field  geologist  is  renewed  by  observing  this  great  red 
shale  formation  immediately  succeeded  by  the  great  basal  conglomerate  (Potts- 
ville  No.  XII)  of  the  lower  productive  coal  measures.  ...  No  disturbance 
from  folding  or  uplifting  of  the  red  shale  before  the  laying  down  or  coming  in 
of  the  conglomerate  is  anywhere  visible,  and  I  can  suggest,  after  many  years 
of  study,  no  explanation  of  the  phenomenon.  Others  may  be  more  successful ; 
but  up  to  the  present  moment  I  look  upon  this  as  one  of  the  many  unsolved 
problems  in  our  geology,  waiting  not  so  much  for  more  facts  as  for  a  shrewder 
and  more  fortunate  suggestion.  I  think  no  one  can  doubt  that  the  red  shale 
was  deposited  on  a  broad  shore-bordered  lowland  near  the  sealevel,  and  in 
regions  of  its  wide  extent  occupied  by  marshes,  pools,  and  lagoons  on  which 
the  first  true  coal  vegetation  began  to  grow,  and  that  in  connection  with  this 
vegetation  considerable  deposits  of  carbonate  of  iron,  or  of  llmonite  afterwards 
carbonized,  were  formed."* 

It  is  seen  from  the  above  that  Lesley  recognizes  the  one  problem,  that 
offered  by  the  contrast  of  the  Mauch  Chunk  with  the  preceding  and 
succeeding  formations,  and  also  the  second  problem,  that  given  by  the 
evidences  of  shallow  water  and  occasional  exposure  to  the  atmosphere. 
While  not  professing  to  understand  it,  he  states  the  conclusion  that 
"the  red  shale  was  deposited  on  a  broad  shore-bordered  lowland  near 
the  sealevel."  Thus  he  practically  reaches  a  belief  in  its  origin  as  a 
river  deposit  marginal  to  the  sea,  but  without  specifically  calling  it  a 

•  Second  Geological   Survey  of  Pennsylvania.     Summary,  vol.   lU.  part  1,   1896.   dd 
1806-1807.  »~       »  »   FP 
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subaerial  delta  formation.  His  quandary  in  this  respect  is  clearly  due 
to  his  inability  to  reconcile  his  logical  conclusion  from  the  facts  with  the 
still  prevailing  dictum  that  sedimentation  implied  the  presence  of  per- 
manent bodies  of  water^  the  only  exceptions  of  consequence  believed  in 
being  the  exposure  through  tidal  ebb  of  accumulating  mud-fiats  marginal 
to  the  seas. 

Other  geologists^  not  having  had  occasion  to  study  the  formation  with 
the  same  detail  as  Eogers  and  Lesley^  have  apparently  been  less  impressed 
with  the  evidences  of  subaerial  exposure,  so  that  the  description  of 
Rogers,  now  half  a  century  old,  is  still  the  most  detailed,  and  probably 
but  few  geologists  are  aware  of  the  extent  of  these  evidences. 

The  belief  that  all  the  Mauch  Chunk  sediments  were  of  marine  or 
littoral  origin  has  been  the  only  interpretation  definitely  expressed  in 
the  literature  up  to  1906.  To  mention  the  opinion  of  the  two  living 
geologists  most  widely  acquainted  with  the  formation  :p\Villis^  in  his 
paper  on  the  physical  interpretation  of  all  the  Paleozoic  sediments  of  the 
Appalachian  basin,  states  that  the  Mauch  Chunk  "represents  a  height 
of  land  which  was  elevated,  eroded,  and  distributed  in  the  Carboniferous 
sea,"  and  that  in  the  following  Pottsville  times  "the  marked  contrast  in 
the  sediments  is  significant  of  a  change  in  depth  and  slope  of  the  sea 
bottom.  Tide  fiats  of  the  Mauch  Chunk  epoch  were  submerged,  and 
their  practically  level  surface  was  replaced  by  one  having  a  decided 
seaward  inclination."* 

J.  J.  Stevenson,  in  his  summary  discussion  of  the  Lower  Carbonifer- 
ous, also  speaks  of  the  limits  of  the  sediments  as  indicating  the  limits  of 
the  water  body,  and  states  that  ''at  the  east  one  finds  evidence  of  con- 
tinued lowering  of  the  mainland  and  of  continued  advance  of  the  sea 

upon  a  low  shoreline."! 

In  1906  Grabau  published  in  a  valuable  paper  a  broad  discussion, 
which  contains,  so  far  as  the  writer  is  aware,  the  first  definite  statement 
as  to  the  fiuviatile  and  non-marine  origin  of  the  Mauch  Chunk  shales.^ 
This  conclusion  in  regard  to  the  IMauch  Chunk  is  drawn,  however,  with- 
out detailed  argument,  but  two  pages  being  given  to  this  formation,  thus 
leaving  room  for  the  present  paper.  His  opinion  appears  to  be  ulti- 
mately founded  upon  the  growing  appreciation  by  geologists  of  the  im- 
portance of  fiuviatile  formations  in  the  stratigraphic  column,  and  from 
the  absence  throughout  the  greater  portions  of  the  Pocono  and  Mauch 
Chunk  formations  of  direct  evidence  of  marine  origin. 


^  Paleozoic  Appalachia.     Maryland  Geological  Survey,  vol.  Iv,  1902,  pp.  66,  69. 
t  Lower  Carboniferous  of  the  Appalachian  basin.     Bull.  Geol.  Soc.  Am.,  toI.  14,  1903, 
pp.  94,  95. 

I  Types  of  ledlmentary  overlap.     Bull.  Geol.  Soc.  Am.,  vol.  17,  1906,  pp.  632-684. 
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The  particular  reasons  advanced  for  the  conclusions  are  based  on: 

First,  The  general  absence  of  marine  fossils,  especially  in  the  eastern 
outcrops  (page  630),  the  presence  of  a  1-foot  seam  of  coal  80  feet 
above  the  base  of  the  Pocono  in  Lycoming  county  (page  631),  and,  in 
the  Mauch  Chunk,  "the  ripple-marks,  sun-cracks,  rain-drop  impressions, 
and  footprints  of  vertebrates — all  signs  of  floodplain  deposits"  (page 
633). 

Second.  The  progressive  overlapping  westward  of  the  Pocono  and 
upper  Mauch  Chunk. 

While  these  facts  are  undoubtedly  of  great  significance,  they  are  sug- 
gestive rather  than  conclusive  and  need  support  by  detailed  observations 
and  discussions,  as  may  be  shown: 

First  Sandstones  and  conglomerates  are  frequently  barren  of  fossils, 
whether  they  be  continental  or  marine.  Marine  fossils  are  found  in  cer- 
tain shaly  layers  of  the  Pocono  in  Garrett  county,  Maryland,  and  in 
Huntington  and  Bedford  counties,  Pennsylvania,  as  noted  by  Grabau. 
No  characteristic  distinction  is  stated  between  the  sandstones  which  are 
surely  marine  and  those  which  are  surely  continental,  the  increased 
coarseness  on  the  eastern  side  being  noted,  but  greater  coarseness  toward 
the  source  of  supply  is  true  of  both  marine  and  fluviatile  detritus.  The 
presence  of  marine  fossils  in  one  place  or  of  a  coal  bed  in  another  is  not 
evidence  that  any  great  part  of  the  contiguous  strata  are  either  marine  or 
continental,  since  in  land-delta  and  shallow-sea  deposits  a  widely  fluc- 
tuating strand  line  is  to  be  expected  on  account  of  the  very  flat  profile 
of  both  the  land  surface  and  sea  bottom.  Finally,  so  far  as  geological 
literature  is  concerned,  ripple-marks,  sun-cracks,  rain-drop  impressions, 
and  footprints  of  vertebrates,  spoken  of  by  Grabau  as  "all  signs  of  flood- 
plain  deposits,^'  are  rated  as  more  characteristic  of  tidal  flats  than  of 
floodplains. 

Second.  Transgressive  overlap  toward  the  source  of  the  sedimentary 
material  is  taken  by  Grabau  as  positive  evidence  of  the  presence  of  an 
invading  sea  (page  570),  and  progressive  overlap  of  beds  of  shale  or 
sandstone  barren  of  marine  fossils  away  from  the  source  of  supply  is 
con&idered  as  still  more  positive  evidence  of  fluviatile  and  terrestrial 
deposition  of  the  sedimentary  beds  in  question  (pages  635,  636). 

While  the  present  writer  is  in  general  agreement  with  the  conclusions 
in  regard  to  the  particular  formations  cited,  yet  he  does  not  believe  in 
the  universality  of  these  principles  without  qualification,  or  that  they 
alone  will  sufiice  to  prove  the  marine  or  non-marine  deposition  of  shales 
and  sandstones  in  general.     On  the  contrary,  it  would  seem  that,  applied 

XL — Bull.  Oeol.  Soc.  Am.,  Vol.  18,  1906 
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without  other  conBiderations,  they  might  sometimes  lead  into  consider- 
able errors  of  interpretation. 

INFERENCES  A8  TO  GEOORAPHIC  CONDITIONS  OF  ORIGIN 

Floodplain  origin  of  the  Mauch  Chunk. — Either  mud-cracks,  rain- 
prints,  footprints,  or  impressions  of  roots  in  situ  were  found  from  the 
bottom  to  the  top  of  the  formation  in  the  eastern  outcrops  contiguous  to 
the  southern  and  middle  anthracite  coal  fields,  the  region  of  its  maximum 
thickness.  They  were  also  found  to  occur  from  the  northeastemmost 
limit,  on  the  Lehigh  river,  to  the  southwesternmost  limit,  at  Dauphin,  on 
the  Susquehanna. 

The  significance  of  such  a  widespread  distribution  of  the  marks  of 
subaerial  exposure  has  been  fully  discussed  by  the  writer  elsewhere.* 
It  seems  unnecessary  to  repeat  the  argument,  and  it  need  only  be  said 
that  reasons  were  shown  for  considering  that  such  evidences  pointed  to 
a  continental  and  more  particularly  to  a  fluviatile  origin.  It  is  to  be 
concluded,  therefore,  that  the  Mauch  Chimk  sediments  were  brought  by 
the  flood  waters  of  one  or  more  rivers  and  spread  over  the  river  plains 
in  times  of  flood.  In  this  region  of  greatest  subsidence  and  accumu- 
lation and  far  from  the  margins  of  the  basin  the  sea  seems  to  have  at 
no  time  extended,  but  to  have  been  kept  out  by  the  abundance  of  the 
river  sediment  and  the  consequent  rapidity  of  the  upbuilding,  keeping 
pace  with  subsidence. 

Relations  of  land  and  sea. — The  evidence  has  been  given  in  the  first 
part  showing  the  marked  thinning  out  of  the  Mauch  Chunk  around  the 
northern  half  of  the  northern  anthracite  field.  It  has  also  been  seen 
that  but  an  insignificant  thickness  of  strata  represents  the  formation 
through  the  northern  tier  of  counties  in  Pennsylvania,  and  that  it  ia 
entirely  probable,  as  held  by  Rogers,  that  it  was  never  deposited  in 
greater  thickness  in  that  region.  The  lower  portion,  however,  is  repre- 
sented in  the  southwestern  quarter  of  the  state  by  the  northern  edge  of 
the  Greenbrier  limestone,  which  thickens  greatly  on  passing  west  and 
south.  Under  the  Greenbrier  limestone  in  Pennsylvania  lies  a  thin 
horizcm  of  red  shales,  140  feet  thick  under  the  Broad  Top  coal  field,  50 
feet  thick  at  the  most  southwestern  outcrop  in  the  state.  It  is  not 
known,  however,  that  these  shales  are  continental  and  they  may  well  be 
marine,  since  a  fairly  wide  zone  of  marine  terrigenous  deposits  may 
skirt  the  land. 

From  these  relations  it  is  seen  that  during  earlier  Mauch  Chtrnk  time 

*  Mud-cracks  as  a  criterion  of  continental  sedimentation.     Joomal  of  Geolosj.  toI.  14, 
1006,  pp.  624-568. 
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a  shallow  sea  progressively  invaded  Pennsylvania  from  the  southwest 
and  reached  as  far  north  as  central  Pennsylvania^  but  it  did  not  at  any 
time  reach  as  far  northeast  as  Pottsville. 

Following  this  main  incursion  came  a  period  of  land  extension.  Fer- 
ruginous sands  and  muds  were  now  deposited  over  almost  the  entire  state 
of  Pennsylvania.  Along  Chestnut  ridge,  in  southwestern  Pennsylvania, 
Rogers  first  noted  the  presence  of  two  beds  of  coal  imbedded  in  the  shales 
immediately  under  the  Pottsville  conglomerate.*  The  upper  shales  are 
characterized  in  western  Pennsylvania  by  the  presence  of  iron  ore  afeo. 
Of  this  ore  Bogers  states : 

**The  chemical  nature  and  geological  relations  are  very  similar  to  tbose  of 
the  carbonate  of  iron  of  the  coal  strata,  and  the  conditions  under  which  it 
originated  were  obviously  very  nearly  identical  with  those  which  produced 
that  variety.  The  Umbral  (Mauch  Chunk)  shales  contain,  especially  in  their 
southwest  outcrops,  as  in  Somerset  and  Fayette  counties,  a  species  of  ore  iden- 
tical with  the  ordinary  compact  or  earthy  carbonate  of  the  Goal  Measures. 
This  latter  kind  belongs  to  a  small  subordinate  group  of  coal-bearing  rocks, 
which,  in  the  districts  mentioned,  underlie  the  true  Serai  (Pottsville)  con- 
glomerate, or  constitute  its  lowest  member,  indicating  a  gradual  transition 
from  the  Umbral  series."t 

I  Fuller,  in  the  Elkland-Tioga  folio,  dealing  with  a  quadrangle  on  the 
northern  boundary  of  Pennsylvania,  gives  a  section  of  the  Mauch  Chunk, 
which  is  here  only  a  little  over  100  feet  thick.  In  the  upper  portion  is 
noted  the  occurrence  of  4  feet  of  pure  bog  iron  ore.  Many  iron  ores 
are  concentrated  by  imderground  waters,  for  which  reason  no  mention 
has  been  made  of  the  ores  at  the  very  base  of  the  Mauch  Chunk  shales 
in  Himtington  county.  But  these  upper  ores,  similar  to  those  of  the 
coal  strata  and  associated  in  some  places  with  coal,  in  another  locality 
spoken  of  as  a  "pure  bog  iron  ore,"  may  be  taken  as  strong  evidence  of 
river-swamp  conditions  at  the  time  of  origin  of  the  strata. 

As  noted  in  the  description  of  the  relations  of  the  Mauch  Chunk  to 
the  other  formations,  there  is  thought  to  be  a  considerable  erosion  inter- 
val in  western  Pennsylvania  separating  the  Mauch  Chunk  from  the 
Pottsville,  representing  the  time  of  deposition  of  the  Lower  Pottsville 
and  possibly  some  of  the  Upper  Mauch  Chunk  of  eastern  Pennsylvania. 

It  would  seem,  therefore,  that  while  in  eastern  Pennsylvania  subsidence 
and  river  building  were  continuous,  in  western  Pennsylvania,  from  the 
time  of  the  formation  of  the  Greenbrier  limestone,  the  crust  was  practi- 
cally stationary  or  slightly  uplifted,  with  the  result  that  the  shallow  sea 
was  filled  with  mud  and  finally  changed  by  river  outbuilding  into  a  broad 

*  Geology  of  P^nnsylTania,  toI.  it,  part  I,  1S68,  p.  472, 
t  Ibid.,  TOl.  U,  part  11,  p.  734. 
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delta  surface  which  in  regions  farthest  removed  from  the  sources  of  sedi- 
ment was  occasionally  in  a  swampy  condition.  Finally  moderate  uplift  or 
change  in  river  gradients  occurred,  with  the  result  that  river  building  was 
changed  to  river  erosion,  and  the  land  surface  is  at  this  epoch,  from  the 
evidence  of  erosion,  known  to  have  extended  over  much  of  the  Mississippi 
valley. 

'  Relations  of  ike  delta  plain  to  regions  of  erosion. — The  material  which 
built  up  the  Mauch  Chunk  foreland  plain  consisted  of  clay  and  loamy 
clay  and  some  loamy  sand,  transformed  now  into  shale,  sandy  shale,  and 
argillaceous  sandstone.  Near  the  top  appear  occasional  beds  of  con- 
glomerate transitional  to  the  Pottsville.  The  character  of  the  Mauch 
Chunk  is  much  alike  from  the  northeastern  to  the  southwestern  limits  of 
the  southern  anthracite  basin,  a  distance  of  80  miles,  and  changes  but 
slowly  in  passing  northwest,  away  from  the  sources  of  supply.  This 
approach  to  uniformity  of  composition  over  a  broad  area  is  characteristic 
of  the  delta  plains  of  large  river  systems,  where  the  material  has  already 
traveled  the  greater  part  of  its  distance  before  reaching  the  upper  limits 
of  the  delta.  It  implies,  therefore,  the  existence  of  a  long  intermediate 
graded  portion  of  the  river  course  between  the  region  of  the  headwaters 
supplying  the  material  and  the  region  of  its  deposition.  The  rate  of  sup- 
ply of  the  sediment  was  sufficient  to  continually  bar  the  sea  from  the 
anthracite  regions,  notwithstanding  the  combined  epeirogenic  and  geosyn- 
clinal  subsidences  of  Lower  Mauch  Chunk  times.  In  this  way  was  built 
up  a  deposit  reaching  a  maximum  thickness  of  3,000  feet  and  of  which 
the  remaining  areas  constitute  but  a  remnant  of  the  original  volume.  Tlie 
fineness  and  uniformity  of  the  material  imply  leisurely  currents;  and 
that  the  accumulation  was  slow  is  indicated  by  the  thickness  of  the  lime- 
stones laid  down  during  the  same  interval  in  the  Mississippian  sea.  That 
the  erosion  of  this  material  did  not  transform  the  topographic  character 
in  the  regions  of  erosion  is  suggested  by  the  approximation  to  uniformity 
in  the  material  making  up  the  whole  formation,  the  greatest  mass  of  pure 
shales  being  found  in  the  lower  part  of  the  formation.  The  volume  of 
the  land  above  baselevcl  which  supplied  the  material  for  the  Mauch  Chunk 
was  therefore  large  in  comparison  with  the  volume  of  the  formation, 
unless,  indeed,  a  slow  rise  pari  passu  of  the  regions  of  erosion  be  postu- 
lated corresponding  to  the  amount  eroded. 

Character  of  the  delta  surface. — The  surface  of  the  Mauch  Chunk  delta 
in  all  of  eastern  and  central  Pennsylvania  seems  to  have  possessed  a  fair 
grade  to  the  westward,  sufficient  to  prevent  the  development  of  broad 
swamp  areas,  since  in  those  regions  decolorized  shales  are  practically 

^ent.    The  grade  which  this  indicates  varies  with  the  climate,  since  in 
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one  which  is  hot  and  dry  the*  intense  evaporation  will  speedily  dry  up 
flat  lands  which  otherwise  would  r^imain  as  swamp  areas.  Observation  of 
present  deltas  indicates,  however,  that  even  in  arid  climates  the  portion 
marginal  to  the  sea  is  occupied  by  permanent  lagoons  in  which,  under 
conditions  of  high  aridity,  are  deposited  gypsum  and  salt.  In  climates 
marked  merely  by  dry  seasons,  however,  such  marginal  swamp  areas  may 
hold  fresh  or  brackish  waters  and  be  the  seat  of  a  dense  swamp  vegeta- 
tion. Evidences  of  a  state  approaching  this  is  seen  in  the  Mauch  Chunk 
shales  in  their  outcrop  beyond  the  Alleghany  escarpment  in  western  and 
northern  Pennsylvania,  where,  as  noted  previously,  thin  beds  of  coal 
sparingly  occur  and  considerable  deposits  of  earthy  carbonate  of  iron 
similar  to  that  of  the  Coal  Measures.  Taking  for  analogy  the  grade  of 
the  loaded  rivers  flowing  east  from  the  Rocky  mountains  through  the 
semiarid  to  subhumid  climatic  belts,  it  seeftis  probable  that  in  the  region 
of  the  anthracite  basins  the  river  grades  were  certainly  over  2  feet  per 
mile,  possibly  over  5  feet  per  mile,  flattening  out  in  the  more  distal  por- 
tions of  the  river  system. 

The  profile  of  a  graded  river  depends  upon  the  fineness  of  load  and  its 
ratio  to  the  water.  This  is  partly  dependent,  therefore,  upon  the  climate 
as  well  as  the  lithology  and  topography  of  the  regions  of  erosion.  The 
climatic  reasons  for  comparing  the  stream  grades  with  those  of  the  rivers 
flowing  east  from  the  Rockies  are  more  fully  developed  in  the  following 
section. 

INFERENCES  A8  TO  CLIMATIC  C0NDITI0N8 

Introductory  statement. — Climate  exercises  a  controlling  influence  upon 
the  characteristics  of  delta  deposits,  as  may  be  readily  seen  by  comparing 
the  delta  of  the  Indus,  largely  a  barren  surface  of  drifting  sands,  with 
that  of  the  Amazon,  swampy  and  mantled  with  an  impenetrable  forest; 
or  that  of  the  Yukon,  covered  with  a  mat  of  cryptogamic  and  gymnosper- 
nious  vegetation,  giving  rise  to  widespread  accumulations  of  peat.  A 
full  discussion  of  the  "Relations  of  climate  to  terrestrial  deposits"  led  so 
far  afield  that  the  subject  was  separated  from  the  present  paper  and  is  to 
be  published  under  that  title  elsewhere.*  All  present  arguments  as  to  the 
climatic  inferences  from  the  nature  of  a  continental  formation  are  there- 
fore much  abridged. 

Chemical  and  structural  evidences  as  to  climate, — In  northern  and 
w^estem  Pennsylvania  thin  coal  beds  and  iron  carbonate  occur  in  the 
Upper  Mauch  Chunk  shales,  while  in  eastern  Pennsylvania  horizons  of 
conglomerate  give  a  character  transitional  to  the  Pottsville.  Although  it 
is  seen  that  the  coal  seams  and  iron  ore  are  deposited  where  the  river 

*  Bee  abstract,  Proc.  BuU.  Qeol.  Soc.  Am.,  toI.  18,  1006. 
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^ades  were  flattest  and  swamp  conditions  most  favored^  yet  such  deposits 
only  occur  in  the  upper  shales.  These  relations  suggest  that  the  later 
part  of  the  Mauch  Chunk  epoch  was  marked  by  a  series  of  climatic  oscil- 
lations toward  the  conditions  prevailing  in  Pottsville  times — conditions 
which  there  are  reasons  shown  elsewhere  for  believing  were  characterized 
by  a  heavier  rainfall  and  probably  cooler  climate.  On  the  other  hand, 
gypsum  and  salt  are  not  known  to  be  present  in  noticeable  amounts  in  any 
part  of  the  Mauch  Chunk,  although  much  gypsum  and  considerable  salt 
are  present  in  the  shales  and  argillaceous  limestones  of  the  Michigan 
series  of  Michigan,  which  is  probably  to  be  correlated  with  the  Lower 
Mauch  Chunk.  Thus  the  indications  point  toward  the  climate  of  this 
epoch  in  Pennsylvania  being  of  a  semiarid  character,  seasonal  rains  being 
;  sufficient  in  amount,  in  conjunction  with  the  discharge  of  large  rivers,  to 
prevent  the  precipitation  of  salt  or  gypsum  on  the  marginal  flats  facing 
the  Appalachian  gulf  of  the  Mississippian  sea,  but  at  times  permitting 
such  in  the  more  isolated  Michigan  basin. 

The  semiaridity  of  a  climate  with  a  slight -or  a  seasonal  rainfall  is  \ 
accentuated  by  high  temperature.     That  the  climates  of  sub-Carbonifer- 
ous times  were  marked  at  Iqast  in  part  by  warmth  is  indicated  by  the 
fossil  plants  and  corals  of  so  northerly  a  land  as  Spitzbergen. 

The  semiaridity  of  the  Mauch  Chunk  climate  of  Pennsylvania  is  fur- 
ther indicated  by  a  number  of  chemical  and  textural  features  characteris- 
tic of  the  formation  in  the  region  of  the  anthracite  basins.  Here  an 
appreciable  amount  of  feldspar  grains  intermingled  with  the  quartz  grains 
of  the  sandstones  are  detected  by  the  microscope  and  calcite  is  fairly 
abundant  in  the  matrix.  This  abundance  is  expressed  megascopically  on 
many  horizons  by  the  development  of  concretionary  nodules  usually  in 
certain  stratigraphic  planes,  the  close  association  with  mud-cracked  strata 
in  at  least  one  instance  indicating  that  they  are  not,  however,  the  calcare- 
ous deposits  transitional  to  an  open  sea.  In  the  fine-grained  and  shaly 
sandstones  an  examination  by  the  microscope  shows  that  both  muscovite 
and  calcite  are  conspicuously  present.  Hematite,  as  previously  stated,  is 
diffused  through  both  shales  and  sandstones,  though  naturally  more 
abundant  in  the  former. 

The  interpretation  of  these  facts  would  appear  to  be  as  follows : 

The  feldspar  present  after  prolonged  transportation  indicates  a  notable 
degree  of  physical  as  contrasted  to  chemical  weathering  in  the  regions  of 
erosion.  The  presence  of  the  uniformly  diffused  iron  oxide  points  to  a 
lack  of  leaching  by  organic  acids  either  at  the  headwaters  or  upon  the 
drained  portions  of  the  floodplain  surface.  The  presence  of  the  calcite 
in  slight  amount  is  characteristic  of  all  floodplains,  but  is  only  found  to 
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the  extent  here  present  in  those  of  semiarid  climates.  In  fact,  as  previ- 
ously noted,  the  calcite  throughout  much  of  the  Mauch  Chunk  is  so 
abundant  as  to  form  concretionary  bands  analogous  to  the  kankar  of  the 
hot  and  semiarid  portions  of  the  Indo-Gangetic  plains.  That  seasonal 
drying  and  consequent  aeration  of  the  soil  took  place  to  the  greatest  depth 
of  root  penetration  is  indicated  by  the  universal  elimination  of  organic 
matter  by  oxidation  without  accompanying  reduction  of  the  intermingled 
iron  oxide  to  the  ferrous  state,  the  plant  impressions  being  always  of  the 
same  color  as  the  surrounding  rock.  The  oxygen  used  up  in  the  process 
was  consequently  atmospheric  oxygen,  and  the  blue  and  gray  muds  of 
swamps  and  river  bottoms  in  our  own  climate  testify  to  the  diflBculty  of 
free  oxidation  of  organic  matter  in  a  water-saturated  soil  where  the  sur- 
face remains  moist,  even  though  there  may  be  no  superficial  standing 
water.  •/ 

These  conclusions  ajre  further  supplemented  by  the  presence  of  many 

mud-cracked  strata,  since  these  are  prominent  features  of  modem  fiood- 

.  plain  deposits  of  argillaceous  character  in  arid  and  semiarid  climates. 

iThey  are  not  entirely  absent  from  the  clays  of  floodplains  under  some- 

I  what  humid  climates,  but  are  there  much  restricted  in  development,  owing 

to  the  mat  of  vegetation  and  the  greater  ratio  of  rainfall  to  evaporation. 

The  details  of  the  mud-cracks  as  observed  in  the  Mauch  Chunk  at  Potts- 

ville  further  emphasize  the  conclusion,  since  they  seem  to  have  been  filled 

during  the  dry  seasons  by  wind-drifted  sands — a  phenomenon  which  may 

be  observed  today  in  certain  arid  and  semiarid  regions. 

Before  closing  this  topic  of  the  climatic  inferences  it  seems  desirable  to 
call  attention  to  the  absence  of  notable  bottom  channeling  exhibited  by 
the  sandstone  strata,  the  contacts  of  the  sandstone  with  the  underlying 
shale  being  straight  and  conformable  within  the  limits  of  a  single  ex- 
posure. Such  a  characteristic  at  first  sight  seems  incompatible  with  the 
idea  of  stream  channels  wandering  across  the  surface  of  a  floodplain. 

It  is  to  be  noted,  however,  that  many  floodplain  deposits  of  the  western 
United  States  and  of  other  regions  show  in  section  well  developed  strati- 
fication with  but  little  marked  bell3dng  downward  of  the  sandstone  strata 
into  the  shale.  Such  structures  are  occasionally  noted  in  the  coal  fields, 
where  Carboniferous  river  channels  have  cut  through  the  coal  beds,  but 
those  familiar  with  the  coal  mines  know  how  unusual  is  this  feature  and 
how  rarely  nature  would  expose  it  at  the  surface  in  normal  outcrop.  Yet 
it  seems  certain  that  in  many  coal  fields  at  least  the  greater  portion  of 
the  strata  are  of  continental  origin.  It  would  appear,  therefore,  that 
until  the  <|&tails  of  the  sandstone  strata  are  worked  out  with  completeness 
the  absence  of  such  relations  visibly  exposed  must  not  weigh  against  a 
hypothesis  of  subaerial  origin. 
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A  possible  explanation  of  the  phenomenon  in  some  instances  may  be  as 
follows:  Rivers  which  over  a  portion  of  their  course  are  aggrading 
streams  are  commonly  only  such  for  a  portion  of  the  year.  During  the 
balance  of  the  year  the  water  is  less  in  quantity,  is  underloaded,  therefore 
is  degrading,  and  flows  within  channels  which  carry  the  sediment  through 
to  the  sea.  The  size  of  the  channel  is  doubtless  determined  to  some 
extent  by  the  volume  of  the  stream  during  its  season  of  degradation. 
Where  the  discharge  is  always  large,  as  in  the  Mississippi  system,  large 
permanent  channels  through  the  floodplain  will  exist ;  where  small,  as  in 
the  Platte,  the  result  may  be  a  shallow  channel  holding  a  braided  river, 
which,  to  use  a  popular  aphorism,  is  a  mile  wide  and  a  foot  deep.  Where 
there  is  no  water  except  during  cloudbursts,  and  every  flood  is  overloaded 
with  debris,  sheetflood  erosion  and  deposition,  as  described  by  McQee,  may 
be  the  consequence.* 

In  a  region  of  arid  or  semiarid  climate,  therefore,  where  the  rainfall  is 
highly  concentrated  and  the  streams  are  either  dry  or  overflowing,  there 
would  seem  to  be  a  favorable  case  for  the  development  of  interlaminated 
sand  and  clay  deposits  without  the  occurrence  of  massive  sandstones  pos- 
sessing an  irregular  bottom  and  cross-bedded  structure.  That  the  explana- 
tion may  not  be  so  simple  as  the  above  is  indicated,  however,  by  the  deep 
scouring  of  such  streams  as  the  Platte,  which  in  times  of  flood  may  "rise 
downward'^  as  much  as  90  feet,  and  which  by  the  wanderings  of  the 
channel  must  rework  the  thin-bedded  deposits  of  its  floodplain  and  pre- 
sumably leave  sand  in  the  filled-up  places.  Over  a  broad  delta,  however, 
such  deep  scouring  would  not  appear  to  be  called  for,  since  there  the 
flood  waters  cover  a  large  part  of  the  country  and  move  leisurely  seaward, 
relieving  the  channels  from  carrying  an  imdue  proportion  of  the  water. 
Under  such  conditions,  also,  the  channels  are  insignificant  in  area  in 
comparison  with  the  floodplain,  and  consequently  in  the  lateral  wander- 
ings of  the  channels  accompanying  the  upbuilding  of  the  floodplain  but  a 
small  per  cent  of  the  deposit  would  represent  the  flllings  of  the  aban- 
doned courses  of  the  larger  distributaries. 

Organic  evidences  as  to  climate, — At  times  as  early  as  the  Middle 
Devonian  an  arboreal  vegetation  existed  where  the  climate  was  suitable. 
In  the  sub-Carboniferous,  and  presumably  earlier,  the  vegetable  kingdom, 
then  as  now,  lived  in  certain  groups  adapted  each  to  a  different  environ- 
ment. These  plant  societies  at  that  time,  however,  were  made  up  entirely 
of  gymnospermous  and  cryptogamic  forms,  plants  which  have  since  been 
driven  into  the  background  by  the  more  successful  class  of  angiosperms. 
W^hile  it  would  be  unsafe  to  argue  too  rigidly  that  the  identical  conditions 

•  BuU.  Geol.  Soc  Am.,  vol.  8,  1807,  pp.  87-112. 


^» 


CLIMATIC  CONDITIONS  473 

which  today  favor  arboreal  or  herbaceouB  forms  held  true  for  those  of  the 
sub-Carboniferous,  yet  in  a  general  way  this  must  be  true,  since  arboreal 
forms  are  developed  by  competition  for  sunlight  among  those  plants  whose 
roots  are  able  to  penetrate  deeply  for  groundwater  and  whose  superstruc- 
ture  does  not  die  each  year.  The  present  grasses,  on  the  contrary,  and  by 
analogy  the  grass-like  forms  of  earlier  floras,  are  favored  by  light  and 
fairly  frequent  rains  during  a  growing  season,  which  may  be  brief  and 
after  which  the  exposed  portion  of  the  plant  dies.  The  presence  of 
deeper-seated  stores  of  groundwater  is  of  no  moment  to  the  prairie  types 
of  vegetation.  It  is  these  relations  of  rainfall  and  groundwater  which,  as 
Schimper  points  out,  determine  the  distribution  of  woodland  and  grass- 
land. Over  many  regions  the  competition  between  the  two  types  of  vegeta* 
tion  is,  however,  very  close,  resulting  in  a  mixed  or  park-like  formation. 
In  Paleozoic  times  it  may  very  possibly  have  been  true  that  specialized 
drought-resisting  arboreal  forms  had  not  yet  come  into  existence,  and 
the  climatic  relationships  of  herbaceous  and  arboreal  societies  may  have 
been  then  more  sharply  dra^^  than  in  modem  vegetation.  At  least, 
evolutionary  progress  would  be  in  the  direction  of  an  obscuring  of  such 
relationships. 

Turning  to  the  vegetal  evidences  found  in  the  Mauch  Chunk  shales 
and  which  have  been  described  previously,  it  was  noted  that,  although 
the  impressions  of  an  herbaceous  vegetation  were  not  uncommon,  no 
impressions  of  logs,  such  as  are  so  common  in  the  overlying  Pottsville, 
have  ever  been  observed.  The  various  markings,  furthermore,  show  small 
forms,  such  as  could  well  be  produced  in  a  single  growing  season.  The 
downward  striking  roots  point  to  a  poverty  in  superficial  moisture,  and 
the  absence  of  an  arboreal  vegetation  suggests  a  deficiency  during  the 
growing  season  of  more  deep^ated  waters.  Even  in  arid  climates,  if 
the  streams  flow  during  the  whole  year  or  the  groundwater  is  within  the 
reach  of  the  roots  of  trees,  the  streams  are  fringed  with  shrubs  and  trees. 

The  evidences  of  the  vegetal  impressions  point,  therefore,  toward  a 
climate  such  that  in  the  lower  portions  of  the  river  courses  the  streams 
flowed  only  during  a  part  of  the  year.  During  another  part  of  the  year 
the  surface  dried  up  and  the  groundwater  sank  to  depths  where  the  roots 
of  the  early  trees  could  not  penetrate.  These  evidences  therefore  point 
to  an  arid  or  semiarid  climate. 

The  amphibian  footprints  might  be  thought  to  weigh  against  this 
conclusion,  but  the  force  of  such  a  criticism  may  be  weakened  by  a  con- 
sideration of  the  following  possibilities :  It  is  to  be  noted  that  the  present 
dipnoi,  ceratodus  and  protopterus,  have  only  escaped  extinction  in  regions 
with  a  marked  dry  season,  the  ceratodus  living  in  two  Australian  rivers 
which  are  in  winter  reduced  to  pools,  the  protopterus  living  in  certain 
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African  riyers  which  go  completely  dry.  It  would  seem  that  such  a 
seasonal  dryness  must  have  stimulated  greatly  the  evolution  of  terres- 
trial and  air-breathing  types  of  animals  from  those  which  could  live 
only  in  fresh  waters.  Having  once  gained  supremacy  through  the  greater 
activity  possible  from  air  breathing,  a  period  of  expansive  evolution  would 
naturally  set  in.  This  woidd  be  marked  on  the  one  hand  by  the  passage 
of  the  amphibians  back  to  the  regions  more  generously  watered,  which 
they  would  come  to  dominate  until  the  still  more  powerful  aquatic  rep- 
tiles should  in  turn  dispossess  them. 

On  the  other  hand,  in  perhaps  a  closely  following  time,  a  progressive 
evolution  from  these  first  air-breathers,  themselves  brought  forth  by  the 
alternation  of  wet  and  dry  seasons,  might  be  expected  to  lead  still  further 
to  groups  wholly  independent  of  a  life  in  the  water,  and  thus  rather 
quickly  give  rise  to  the  primitive  reptilian  and  mammalian  stems.  Con- 
sidered in  this  light,  the  wide  development  of  climates  with  dry  seasons 
such  as  seem  to  have  characterized  the  Upper  Devonian,  and  still  more 
so  the  Mauch  Chunk  epochs,  may  have  had  vital  importance  in  stimu- 
lating the  terrestrial  evolution  of  the  previously  aquatic  vertebrates.  In 
support  of  this  hypothesis  may  be  mentioned  the  distinctness  of  the 
reptilian  and  early  manmialian  stems,  the  Diapsida  and  Synapsida,  even 
in  the  Permian,  indicating  that  the  mammals  did  not  arise  from  the 
reptiles  after  a  considerable  evolution  in  the  latter,  but  that  they  arose 
possibly  independently  from  amphibian  ancestors  at  least  far  down  in 
the  Carboniferous  age.  The  type  forms  of  the  amphibian  and  higher 
groups,  being  adapted  to  somewhat  different  environments,  would  not 
enter  into  competition  until  the  higher  groups  had  somewhat  expanded 
and  given  rise  to  aquatic  adaptations. 

Furthermore,  it  is  to  be  noted  that  under  such  a  hypothesis  no  am- 
phibian bones  which  have  been  or  may  be  found  are  likely  to  be  directly 
ancestral  to  reptiles  or  mammals,  since  floodplain  deposits  in  climates 
with  alternate  wet  and  dry  seasons  are  peculiarly  unfavorable  for  the 
preservation  of  animal  remains.  There  is  thus,  possibly  from  the  nature 
of  things,  a  permanent  break  in  the  record  of  the  evolution  of  the  verte- 
brates. 

These  views  are  avowedly  h3rpothetical,  but  they  suggest  that  in  sub- 
Carboniferous  times  the  amphibians  may  have  been  adapted  to  semiarid 
conditions  as  well  as  to  those  more  humid,  and  therefore  the  presence  of 
their  footprints  in  the  Mauch  Chunk  strata  argues  only  against  high 
aridity. 

Conclusions  and  comparisons, — ^We  may  draw,  in  conclusion,  a  general 
view  of  the  seasonal  changes  taking  place  over  the  Mauch  Chunk  fore- 
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land  plain.  The  various  lines  of  evidence  strongly  suggest  that  during 
the  greater  part  of  the  year,  when  not  in  flood,  the  surface  of  the  delta 
was  dry  and  the  channels  greatly  diminished,  but  doubtless  offering 
sufficient  water  for  the  preservation  of  the  amphibian  life.  With  the 
beginning  of  seasonal  rains  the  shallow  channels  would  speedily  become 
full  to  overflowing  and  the  waters  spread  over  large  portions  of  the  delta 
surface  in  a  shallow  and  braided  flood.  Following  the  retreat  of  the 
flood  waters,  an  herbiverous  vegetation  would  spring,  as  by  magic,  from 
the  loamy  soil,  only  to  wither  with  the  advancing  dryness.  The  modem 
climates  suggested  by  this  description  are,  for  one  example,  the  semiarid 
belts  of  winter  rains,  as  illustrated  in  Spain,  Italy,  and  Greece.  Another 
example  is  given  by  the  monsoon  climate  of  the  upper  Punjab,  a  region 
which  receives  about  half  of  its  annual  rainfall  during  July  and  August, 
and  during  two-thirds  of  the  year,  from  September  to  May,  is  a  barren 
desert.  The  shrunken  rivers  then  fill  but  a  fraction  of  their  beds  and 
leave  the  remaining  portions  as  plains  of  loose  sand.  This  is  raised  by 
the  strong  winds,  giving  dust  storms  so  thick  as  to  prevent  objects  a  few 
yards  distant  from  being  seen  and  mantling  with  eolian  sands  the  dried- 
out  loams  and  clays  of  the  floodplain. 

The  comparison  with  the  upper  Punjab  may  be  happily  made  in  regard 
to  the  geographic  characters  also,  since  here  is  an  alluvial  plain  stretch- 
ing away  from  the  Himalayas,  approximately  200  miles  in  width  at 
Delhi,  and  in  the  line  of  the  Indus  river  reaching  more  than  700  miles 
through  a  highly  arid  region  to  the  Indian  ocean. 

The  Himalayas,  uplifted  after  the  close  of  the  Eocene  and  receiving 
renewed  uplifts  from  time  to  time,  correspond  to  that  vanished  generation 
of  the  older  Appalachians  which  arose  in  Upper  Devonian  times  and 
during  that  and  the  following  eras  wasted  away,  a  portion  of  its  eroded 
foundations  remaining  in  New  England  still  above  the  sea. 

The  debris  of  the  Himalayas  has  poured  for  half  of  Tertiary  and  all 
of  Quaternary  time  into  and  beyond  the  great  Indo-Gangetic  geosyncline. 
That  portion  of  the  waste  of  the  older  Appalachians  which  was  shed 
westward  was  swept  into  and  sometimes  beyond  a  similarly  placed 
geosyncline,  that  of  the  Appalachian  basin.  The  sands  and  muds  of  the 
Devonian  alone  which  were  trapped  in  this  axis  of  subsidence  have  been 
computed  by  Bailey  Willis  to  be  equal  in  volume  to  the  Sierra  Nevada.* 

Medlicott  and  Blanford  in  1879  pointed  out  the  fluviatile  character 
of  the  later  Tertiary  strata  and  state  that  from  early  Tertiary  times  the 
sea  has  been  excluded  from  the  sub-Himalayan  region,  f  where  sediments 

•  Paleozoic  Appalachla.     Maryland  Geological  Survey,  yol.  2,  1902,  p.  62. 
t  A  Manual  of  the  Geology  of  India,  pp.  625-626. 
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accumulated  as  a  foreland  plain.  The  Miocene  sediments  constitiitin^ 
the  Siwalik  formation  alone  reach  a  thickness  in  northwest  India  of 
14,000  feet  and  suggest  the  competence  of  the  sedimentation  to  exclude 
the  sea.  A  like  consideration  of  the  evidence  furnished  hy  the  Upper 
Devonian  and  Carboniferous  sediments  of  Pennsvlvania  would  seem  to 
show  that  the  generation  of  the  older  Appalachians  then  existing  was 
equally  competent  to  continuously  exclude  the  sea  from  the  eastern  side 
of  the  geosyncline;  that  it  certainly  did  so  during  the  Mauch  Chunk 
epoch  it  has  been  sought  to  demonstrate  in  the  present  paper. 

There  is  abundant  evidence,  however,  that  the  sea  has  at  times  oocnpied 
portions  of  the  lower  plains  of  the  Indus  during  the  later  Tertiary,  cor- 
responding again  to  the  evidence  of  a  marine  invasion  of  southern  Penn- 
sylvania during  Lower  Mauch  Chunk  times.  The  present  broadly  ex- 
tended character  of  the  Indus  delta  may  then  be  compared  with  that 
broad  development  of  land  which  seems  to  have  occurred  at  the  close  of 
the  Mauch  Chunk. 

These  comparisons,  while  not  intended  to  convey  the  idea  that  the 
Appalachians  were  ever  of  Himalayan  magnitude,  are  suggestive  of  a 
more  massive  range  of  mountains  and  a  wider  land  area  to  the  eastward 
of  the  Fennsylvanian  geosyncline  than  is  customarily  thought  of  as  exist- 
ing in  Upper  Devonian  and  Carboniferous  times.  Such  a  larger  vi) 
believed,  however,  by  the  writer  to  be  in  the  direction  of  the  truth! 
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Intboduotion 


Of  late  years  much  evidence  has  accumulated  to  the  effect  that,  under 
deep-seated  conditions  of  igneous  intrusion,  not  only  is  contact  action 
widespread  and  on  a  large  scale,  but  also  that  rock  injection  and  rock 
assimilation  are  equally,  or  even  more,  pronounced.  During  the  field 
work  of  the  special  committee  on  the  correlation  of  the  pre-Cambrian 
rocks  of  the  Adirondack  mountains,  the  original  Laurentian  area  and 
of  eastern  Ontario,  it  was  noteworthy  that  in  both  areas  visited  such 
phenomena  were  prominently  to  the  fore.  This  paper  deals  with  one 
of  the  specific  instances  examined  by  the  committee,  an  asymmetric 
bathylith  of  syenite  occurring  in  the  mid-Adirondack  region,   whose 
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asymmetry  is  thought  to  be  owing  to  incorporation  and  assimilation  of 
material  from  the  bordering  rocks. 

General  Description 

The  syenite  rock  in  question  is  a  common  one  in  the  Precambric  area 
of  northern  New  York,  occurring  in  both  large  and  small  masses,  in 
bathyliths  and  stocks,  in  dikes  and  sills.  It  is  a  member  of  the  series 
of  great  intrusive  bodies  which  invaded  the  region  in  pre-Cambrian  time, 
and  which  solidified  far  below  the  surface,  and  is  younger  than  the 
Grenville  sediments  and  the  Laurentian  granite-gueisses  of  the  district 
Of  the  post^Laurentian  intrusives  it  was  the  second  in  order  of  appearance, 
being  younger  than  the  anorthosite.  As  the  above  form  the  bulk  of  the 
Precambrian,  it  follows  that  the  usual  contacts  of  the  syenite  are  those  ia 
intrusion.  The  rock  is  usually  gneissoid,  the  smaller  masses  especially 
being  thoroughly  so,  and  so  stretched  and  interleaved  with  other  gneisses 
that  the  relations  are  much  disguised.  The  especial  mass  under  consider- 
ation is  one  of  the  most  extensive,  is  adjoined  by  and  shows  contacts 
against  two  of  the  three  great  groups  of  older  rocks,  and  the  meta* 
morphism  is  not  suflSciently  pronounced  to  obscure  its  relations  to  them. 
It  therefore  furnishes  a  very  satisfactory  sample  for  the  study  of  these 
relations.  Its  main  disadvantage  is  that  it  lies  in  a  forested  region,  in 
which  outcrops  are  not  as  abundant  Aor  as  satisfactory  as  could  be  wished 
and  in  which  getting  about  is  slow  and  laborious  work. 

This  bathylith  is  situated  near  the  central  part  of  the  woods,  in  the 
district  centering  about  Big  Tupper  lake,  and  its  main  portion  lies  within 
the  limits  of  the  Long  Lake  topographic  sheet,  though  running  well 
into  the  Tupper  Lake  quadrangle,  next  west.  It  is  of  rudely  elliptical 
shape,  with  a  minor  axis  of  about  8  and  a  major  axis  of  from  12  to  15 
miles ;  hence  with  an  area  of  some  75  square  miles  as  cut  by  the  present 
erosion  surface.  On  the  north  and  east  it  is  adjoined  by  anorthosite 
and  on  the  south  and  west  by  Laurentian  granite-gneiss  containing  much 
included  amphibolite.  Against  both  these  it  shows  imiptive  contacts, 
it  incloses  numerous  fragments  of  them,  and  it  sends  out  abundant  dikes 
into  them. 

The  normal  Syenite 

When  fresh  this  is  a  green  to  grayish  green  rock,  which  experiences 
rapid  color  change  upon  exposure  to  the  air,  becoming  first  a  deeper 
green,  then  more  slowly  passing  to  a  yellow  brown,  and  finally  to  a  deeper 
rusty  brown.*  The  color  change  does  not  at  all  affect  the  freshness  of 
the  rock  as  seen  in  thin-section. 

^  B.  A.  Dal7 :  Bull.  do.  209,  U.  S.  Geological  Surrey,  pp.  61-B8. 
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The  rock  is  a  feldspathic  one,  averaging  75  per  cent  of  this  mineral, 
which  is  chiefly  microperthite,  although  a  small  amount  of  oligoclase 
is  always  present  in  addition.  Pyroxenes  are  next  in  importance,  both 
augite  and  bronzite  (or  hypersthene)  being  present  and  exhibiting  char- 
acteristic intergrowths.  Quartz  and  magnetite  are  always  present,  horn- 
blende often,  and  zircon,  apatite,  biotite,  titanite,  garnet,  pyrite,  and 
allanite  are  more  or  less  frequent  accessories.  The  rock  is  essentially  a 
feldspar-pyroxene  combination,  with  accessory  quartz  and  magnetite,  the 
feldspar  being  orthoclase  in  part  and  plagioclase  (albite  to  oligoclase) 
in  part,  in  perthitic  intergrowth. 

It  is  mostly  a  quite  even  grained  rock,  having  been  rather  thoroughly 
granulated  during  a  time  of  general  metamorphism  in  the  region  during 
the  Precambrian.  Occasional  small  feldspar  augen  remain  nearly  every- 
where and  in  some  areas  become  much  coarser  and  more  numerous. 
Though  crushed,  the  normal  rock  is  not  especially  foliated,  owing  to  its 
mineralogy.  In  its  general  aspect  it  seems  much  more  metamorphosed 
than  does  the  older  anorthosite,  and  this  is  thought  to  be  due  to  an 
original  finer  grain  and  lack  of  the  huge  porphyritic  crystals  which  char- 
acterize the  anorthosite. 

The  BASIC  Syenite 

When  followed  from  place  to  place  the  syenite  proves  to  be  a  quite 
rariable  rock,  becoming  both  more  basic  and  more  acidic  than  the  normal. 
Both  are  peripheral  changes  in  the  main,  though  both  occur  locally  within 
the  general  mass.  The  greater  basicity  is  produced  simply  by  increase 
in  the  amount  of  ferro-magnesian  minerals,  with  corresponding  decrease 
in  the  feldspar  and  quartz,  the  extreme  phase  being  a  dark  colored,  heavy, 
gabbroic  looking  rock  in  which  the  dark  minerals  substantially  equal 
the  feldspar  in  amount,  though  it  still  remains  a  microperthite-pyroxene 
rock.  The  plagioclase  constituent  of  the  microperthite  is  slightly  more 
basic  than  in  the  normal  rock,  but  only  slightly.  Some  hornblende  is 
usually  present  and  garnet  often  appears,  occurring  as  a  corrosion  rim 
between  magnetite  and  feldspar,  quite  as  it  does  in  the  gabbros,  though 
less  abundantly.  Quartz  practically  disappears  in  the  most  basic  phases, 
feldspar  augen  are  seldom  seen,  and  the  rock  is  much  more  distinctly 
foliated. than  is  the  normal  variety. 

While  there  are  occasional  masses  of  more  basic  rock  within  the  normal 
syenite  area,  the  bulk  of  it  is  a  border  development  along  the  contact 
with  the  anorthosite,  and  to  a  lesser  extent  when  in  contact  with  the 
calcareous  sediments  of  the  Grenville.  Where  the  border  rock  is  the 
Lanrentian  granite  gneiss,  the  syenite  becomes  more  acid  rather  than 
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more  basic.  In  this  respect  it  oontrasts  sharply  with  the  neighboring 
anorthositey  this  latter  rock  showing  everywhere  a  broad,  more  basic 
border,  with  a  slow  gradation  from  anorthosite  into  anorthosite-gabbro. 
which  in  its  tarn  passes  into  a  heavYy  basic  gabbro  at  the  extreme  border. 
apparently  a  normal  and  uniform  differentiation  border,  largely  inde^ 
pendent  of  the  character  of  the  adjoining  rock. 

The  granitic  Syenttb 

Since  the  normal  syenite  is  a  fairly  acid  rock,  its  acid  phases  do  not 
depart  as  widely  from  the  t^'pe  as  do  the  more  basic  ones.  It  becomes 
more  acid  by  increase  in  quartz  and  by  the  plagioclase  becoming  more 
albitic.  At  the  same  time  hornblende  tends  to  replace  pyroxene,  the 
feldspar  becomes  red  instead  of  green,  and  the  quartz  tends  to  take  on 
the  lens  or  spindle  form.  All  intermediate  gradations  are  found  between 
the  normal  green  syenite  and  the  red  hornblende  granite,  both  in  com- 
position and  in  color.  The  granite  is  normally  of  coarser  grain  than 
the  syenite. 

This  acid  variety  is  also  a  border  phase  of  the  syenite  and  occurs  at 
the  south  and  west  sides  of  the  bathylith,  where  the  adjoining  rocks  are 
granitic  gneisses  involved  with  amphibolites,  of  supposed  Laurentian  age. 
The  apparent  great  breadth  of  this  acid  border  as  seen  on  the  map  is 
more  apparent  that  real.  There  is  a  great  amount  of  a  later  granite 
which  cuts  the  syenite  here  which  can  be  separately  mapped  only  in 
part,  and  there  is  also  a  considerable  amount  of  a  red  syenite  which 
differs  somewhat  from  the  other  and  may  be  a  separate  intrusion.  This 
also  could  not  be  separately  mapped.  Could  these  two  be  excluded,  the 
area  of  the  certain  acid  syenite  would  be  greatly  diminished. 

Border  Belations  between  the  Syenite  and  the  GftANiTE-ONEiss 

These  are  by  no  means  as  clear  as  could  be  wished.  Both  sets  of  rocks 
are  cut  by  dikes  and  larger  masses  of  a  later  granite  which  is  exceedingly 
like  some  phases  of  the  granite-gneiss  and  also  not  unlike  the  granitic 
syenite.  The  discrimination  of  the  three  rocks  is  difficult  at  best  and 
frequently  is  an  impossible  matter.  No  certain  inclusions  of  the  granite- 
gneiss  have  been  found  in  the  syenite,  and  none  of  the  granite  dikes 
found  cutting  the  granite-gneiss  have  been  definitely  shown  to  be  dikes 
of  the  granitic  syenite.  They  may  all  be  dikes  of  the  later  granite. 
There  are  some  larger  masses  of  the  syenite  which  cut  the  granite-gneiss, 
and  they  are  all  of  rather  acid  type  and  become  more  acid  at  their 
borders;  yet  they  are  of  the  green  syenite  type  rather  than  the  red 
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granitic  syenite  type.  This  may  well  be  because  the  one  type  is  easy 
of  recognition  and  the  other  not  easy  to  distinguish  from  the  other 
granite  types,  except  where  it  can  plainly  be  traced  into  the  syenite  by 
imperceptible  gradations.  The  areal  mapping,  however,  brings  out 
clearly  the  asymmetric  differentiation  of  the  syenite  and  the  limitation 
of  the  granitic  syenite  to  the  granite-gneiss  border.  The  granite-gneiss 
is  confidently  believed  to  be  the  older  rock,  from  evidence  seen  elsewhere 
in  the  region  and  because  this  older  granite-gneiss  is  characterized  by 
its  associated  amphibolite  inclusions,  which  are  also  abundant  here.  So 
the  utmost  confidence  is  felt  in  the  associations  here  urged,  even  though 
it  is  appreciated  that  they  fall  short  of  demonstration. 

Border  Eelations  between  the  Syenite  and  Anorthosite 

Inspection  of  the  geologic  map  shows  that  in  two  localities  along  the 
border  between  these  two  rocks  the  syenite  has  so  cut  its  way  into  the 
anorthosite  as  to  cause  the  disappearance  of  the  entire  gabbro  border  of 
the  latter.  The  most  notable  instance  is  that  of  the  great  tongue  of 
syenite  which  extends  eastward  from  Follensby  pond  to  the  Eaquette 
river.  K'orth  and  south  of  this  tongue  the  gabbro  border  has  a  breadth 
of  a  mile  or  more,  while  east  of  the  tongue  there  is  little  sign  of  it.  The 
tongue  is  full  of  inclusions  of  gabbro  and  anorthosite  gabbro,  many  of 
large  size,  and  in  the  near  vicinity  of  these  the  syenite  becomes  much 
more  basic,  in  precisely  the  same  fashion  as  it  does  along  the  entire 
border,  and  in  considering  the  origin  of  the  basic  phase  these  basic 
fringes  around  the  inclusions  are  held  to  have  much  significance.  The 
syenite  here  has  either  cut  away  or  wedged  apart  the  gabbro,  and  again 
the  inclusions  are  thought  to  be  helpful  in  determining  which  of  the  two 
has  been  done. 

The  second  area  of  the  sort  is  along  the  northern  border  of  the  map. 
Here  the  evidence  is.  not  so  conclusive  as  to  the  cutting  away  of  the 
gabbro  border,  since  the  main  contact  line  is  obscured  by  drift;  but  no 
gabbro  appears  anywhere,  the  exposures  nearest  the  syenite  all  being  of 
anorthosite  gabbro,  and  this  is  all  shot  full  of  dikes  from  the  syenite, 
sometimes  of  large  size  and  of  the  basic  variety  of  the  syenite,  while  the 
exposed  border  of  the  main  syenite  mass  tends  also  to  the  basic  type,  as 
it  does  in  fact  everywhere  along  this  border.  The  drift-covered  area 
which  conceals  the  main  contact  line  is  most  unfortunate,  but  the  rock 
of  the  larger  dikes  is  so  identical  in  all  respects  with  that  of  the  adjoining 
syenite  mass,  and  with  that  of  the  great  tongue  of  syenite  which  cut^ 
into  the  anorthosite  on  the  north  edge  of  the  map,  that  the  age  relations 
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seem  well  demonstrated,  especially  when  it  is  considered  that  we  are 
dealing  with  the  contact  between  two  bathyliths  of  contrasted  ernptiye 
rocks,  and  that  one  of  them,  near  the  contact,  is  fall  of  dikes  of  a  rock 
similar  to  the  other  and  with  dikes  of  no  other  kind,  while  the  reTerse 
is  not  the  case,  but  instead  occasional  inclusions  of  anorthosite  are  found 
in  the  svenite. 

Soaked  Axorthosite 

In  the  area  along  the  north  border  of  the  map,  and  also  farther  north 
on  the  next  map  sheet  (Saint  B^is  quadrangle),  are  a  few  exposures 
of  a  type  of  a  rock  which  seems  most  expressively  described  as  anortho- 
site soaked  bj  syenite.  This  is  the  area  just  noted  as  lacking  the  ordi- 
nary, non-porphyritic  gabbro  border,  the  rock  adjacent  to  the  syenite 
being  anorthosite  gabbro,  in  which  labradorite  augen  always  occur,  often 
plentifully.  In  the  soaked  rock  these  augen  are  present,  and  in  so  far 
the  rock  is  distinctly  anorthosite;  but  the  matrix  is  distinctly  of  the 
syenite  type,  haying  the  characteristic  green  color  of  that  rock  and  with 
microperthite  as  the  prevailing  feldspar ;  yet  the  proportion  of  plagioclase 
is  larger  than  in  the  usual  syenite.  Chemically  also  the  rock  is  of  an 
intermediate  type.  It  is  an  impossible  matter  to  tell  how  much  of  the 
granular  portion  of  the  rock  is  of  syenite  derivation  and  how  much  came 
from  the  anorthosite,  since  in  both  rocks  much  of  the  granulated  feldspar 
is  unmarked,  showing  neither  twinning  nor  intergrowths. 

The  ferro-magnesian  minerals  also  are  very  like  in  both  rocks.  It  is 
probably  for  this  reason  that  the  existence  of  soaked  rocks  along  the  con- 
tact of  the  syenite  and  the  gabbro  border  has  not  been  demonstrated. 
Both  are  fine  grained  and  lack  augen  and  resemble  one  another  so  much 
that  soaked  rocks  would  defy  recognition. 

It  is,  however,  suggestive  that,  whereas  usually  there  is  little  difficult v 
in  discriminating  between  the  gabbro  and  the  basic  syenite  in  the  field, 
in  frequent  cases  rocks  are  found  which  defy  classification  and  which 
may  well  be  soaked  rocks.  The  matter  is  much  simplified  so  soon  a? 
labradorite  augen  are  present,  and  in  the  rock  under  consideration  there 
seems  no  question  but  that  the  augen  are  of  anorthosite  derivation,  and 
that  a  respectable  amount  of  the  granular  portion  is  syenite. 

The  only  outcrop  of  soaked  rock  seen  from  which  material  fresh 
enough  to  repay  careful  study  could  be  obtained  is  in  a  rock  cut  by  the 
railway  nearly  5  miles  north  of  Tupper  Lake  Junction,  and  hence  be- 
yond the  map  limits.  The  rock  has  numerous  dark  blue  feldspar  augen, 
easily  proved  to  be  labradorite  by  the  specific  gra\dty  and  by  the  extinc- 
tion angles  shown  on  cleavage  pieces.      The  remainder   of   the   rock 
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resembles  syenite  more  than  anorthosite^  and  in  thin-section  the  half  of 
the  feldspar  that  shows  structures  is  about  equally  divided  between 
microperthite  and  plagioclase  (oligoclase  to  andesine).  Chemically  also 
the  rock  is  an  intermediate  oije,  as  will  shortly  be  shown.  The  rock  is 
regarded  as  an  anorthosite  gabbro  which  has  been  penetrated  and  broken 
up  by  syenite  which  has  forced  its  way  between  all  the  granules  of  the 
original  rock,  in  precisely  the  same  way  that  the  Laurentian  granite- 
gneisses  of  the  region  have  invaded  and  soaked  the  older  amphibolites, 
separating  every  grain  from  its  neighbor  and  inclosing  it  with  a  film  of 
granite.  Such  granite-soaked  amphibolites  pass  over  by  imperceptible 
stages  into  gray  gneisses,  intermediate  rocks  which  seem  to  have  resulted 
from  the  complete  assimilation  of  the  one  rock  by  the  other.  In  like 
manner  this  soaked  anorthosite  gabbro  is  regarded  as  representing  the 
preliminary  stage  in  the  process  which,  when  carried  to  completion,  has 
produced  the  basic  border  of  the  syenite  by  its  complete  digestion  of 
material  from  the  gabbro. 

The  Anorthosite  Outlier  in  Litchfield  Park 

Inspection  of  the  map  will  show  this  outlier  a  half  mile  northeast  of 
Jenkins  pond,  near  the  western  edge  of  the  map.  It  is  entirely  in- 
closed by  syenite.  The  ordinary  syenite  of  the  vicinity  is  of  the  gran- 
itic type,  but  as  the  anorthosite  is  approached  this  grades  into  the  basic 
type,  which  forms  a  zone  around  the  anorthosite  and  sends  dikes  into  it, 
the  numerous  exposures  on  the  hill  summit  showing  the  relations  clearly. 
We  have  here,  then,  a  large  inclosure  of  anorthosite  in  granitic  syenite, 
which  latter  rock  passes  into  basic  syenite  as  the  anorthosite  is  neared. 
It  is  not  the  most  basic  type  of  the  rock,  but  distinctly  more  so  than  the 
normal. 

Relations  of  the  Syenite  to  the  Grenville 

There  is  no  doubt  that  the  syenite  is  a  much  younger  rock  than  the 
Grenville  sediments,  but  there  is  much  doubt  as  to  the  structural  relations 
which  obtain  between  it  and  the  Grenville  belt  which  runs  south  from 
Pollensby  pond  and  which  cleaves  the  syenite  instead  of  bordering  it. 
No  inclusions  of  undoubted  Grenville  rocks  have  been  seen  in  the  syenite, 
nor  does  the  syenite  vary  in  character  as  the  Grenville  is  neared,  except 
that  the  acid  syenite  changes  back  to  the  normal  variety.  Within  the 
Grenville  area  are  occasional  small  knobs  of  syenite,  which  likely  repre- 
sent little  offshoots  from  the  main  mass  which  cut  the  sediments,  though 
lack  of  contacts  prevents  any  certainty  in  the  matter.    There  is  much  in 
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the  field  relations  to  suggest  that  the  Grenville  here  lies  in  a  downfaulted 
trough  in  the  syenite,  is  tinderlaid  by  syenite  in  depth,  with  the  small 
syenite  knobs  representing  dikes  running  upward  from  this  underlying 
mass,  and  that  the  contacts  with  the  syeqite  are  therefore  fault  contacts. 
If  this  be  true,  they  have  no  significance  bearing  on  the  general  purpose 
of  this  paper. 

Summary  op  Field  Relations 

The  Tupper  syenite  bathylith  is  in  contact  with  a  gabbro  on  two  sides 
and  with  granite-gneiss  on  the  other  two.  The  gabbro  is  a  basic  differ- 
entiation border  of  anorthosite.  The  gabbro  is  a  much  more  basic,  the 
granite  a  somewhat  more  acid  rock  than  the  syenite.  The  syenite  grades 
into  a  much  more  basic  phase  as  the  anorthosite  is  neared,  but  becomes 
somewhat  more  acid  near  the  granite.  Its  contacts  with  both  rocks  are 
those  of  a  later  intrusive. 

Along  its  contact  with  the  gabbro  it  seems  locally  to  have  cut  away 
the  entire  gabbro  border  from  the  anorthosite.  It  holds  frequent  large 
inclusions  of  anorthosite  gabbro,  around  which  it  becomes  more  basic. 
Anorthosite  gabbro  soaked  by  syenite  is  found.  Rocks  are  also  found 
which  are  so  distinctly  intermediate  between  the  gabbro  and  the  basic 
syenite  that  they  defy  classification  as  either  the  one  or  the  other. 
Around  a  large  inclusion  of  anorthosite  gabbro  in  the  granitic  syenite  a 
fringe  of  basic  syenite  has  developed. 

These  relations  are  readily  explained  on  the  assumption  that  there 
has  been  actual  incorporation  and  digestion  of  material  from  the  sur- 
rounding rocks  by  the  syenite,  and  that  the  digestion  has  mainly  been  a 
border  phenomenon.  Nothing  that  was  observed  is  antagonistic  to  such 
an  explanation.  No  other  solution  that  will  at  all  account  for  the  ob- 
served relations  suggests  itself.  It  is  therefore  an  instance  which  needs 
to  be  taken  into  account  when  the  general  question  of  the  possibility  of 
such  assimilation  taking  place  is  under  consideration. 

Chemical  Evidence 

It  has  been  frequently  and  cogently  urged  that,  in  case  one  rock  had 
been  assimilated  by  another,  the  resultant  rock  should  have  a  distinctly 
intermediate  composition.  It  is  no  part  of  the  purpose  of  this  paper 
to  consider  the  validity  of  this  point.  For  purposes  of  argument  it  is 
granted,  and  it  remains  to  be  seen  whether  it  has  any  antagonistic  bearing 
in  this  specific  instance. 
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The  rocks  concerned  are  all  igneous  and  the  syenite  and  anorthosite 
seem  surely  derivatives  from  the  same  parent  magma  and  of  no  great 
difference  in  age;  hence  they  present  no  striking  differences  in  compo- 
sition. The  granite-gneisses  are  in  all  probability  of  much  greater  age 
and  from  a  different  magma,  but  are  nevertheless  related  igneous  rocks 
and  have  a  composition  quite  like  that  of  the  granites  which  did  arise 
from  the  anorthosite-syenite  magma.  Because  of  this  close  chemical 
relationship  the  chemical  evidence  is  likely  to  be  much  less  positive  in 
character  than  would  be  the  case  were  the  rocks  possessed  of  more  promi- 
nent differences  in  composition. 

It  is  also  the  case  that  the  rock  of  the  syenite  and  anorthosite  bathy- 
liths  is  so  variable  that  it  is  an  impossible  matter  at  the  present  time  to 
arrive  at  any  exact  notion  regarding  their  average  composition. 

Furthermore,  if  the  syenite  has  digested  material  from  the  anorthosite 
the  field  relations  make  it  clear  that  the  rock  mostly  concerned  is  the 
gabbro  border  along  with  a  wholly  uncertain  amount  of  anorthosite 
gabbro,  and  the  precise  proportions  and  composition  of  this  mixture  is 
again  an  uncertain  matter. 
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8iO, 44.77 

AljO,  12.46 

Fe,0, 4  63 

Fe(J I  12.99 


MgO. 
CaO. 
Na,0 
K,0. 
H,0. 
CO,. . 
TiO,. 


5.34 
10.2 

2.47 
.95 
.6 
.37 

5.26 
.28 


47.42 
17.34 
4.91 
10.22 
5.21 
8.09 
3.48 
1.89 
1.13 


8 


I 


51.62 
24.45 
1.65 
5.3 
1.21 
9.97 
3.49 
1.27 
.72 


54.47 

26.45 

1.3 

.66 

.69 

10.8 

4.37 

.92 

.53 


I    ' 


„  I 


I 


I 


54.62 

2a5 

.75 

.56 

.74 

9.88 

4.5 

1.23 

.91 


I 


54.38 
20.53 
2.78 
5.5 
1.99 
5.39 
5.2 
3.4 
.5 


54.10 
17.45 
452 
6.47 
2.33 
a  17 
3.81 
3.06 
.57 


f } 


57.JI0 
16.01 


10.3 
1  t;2 

6-i'»:» 

3..X? 

.15 


36 
.06 
.21 


.01 


F.... 
8.... 
MnO 
BaO. 


.26 

.17 

Trace 


.09 
.15 
.03 
.03 


.19 

.88 


.06  . 
.04 


.1 


.01 
.16 


.05 
.14 
.35 
.10 


Total. 


100.75  1100.01  1   99.79    100.19      99.7 


100.03    100.19  1     99.16 


9 

10 

11 

12 

'      13 

1 

14 

15 

1 

16 

SiO, 

AlA 

59.7 

19.52 

1.89 

4.92 

.78 

■     3.36 

;     5.31 

'     4.14 

,       .o2 

61.01 

15.36 

2.98 

7.77 

.78 

405 

3.68 

3.9 

.49 

63.45 

18.38 

1.09 

2.89 

.35 

3.06 

5.06 

5  15 

.3 

.07 

65.65 
16.84 

}4.01 

.13 
2.47 
5.27 
5.04 

.3 

66.72 

i    16.15 

'  f  1.23 

I  2.19 

.73 

2.3 

4.36 

5.66 

.n 

68.5 
14  69 
1.34 
3.25 
.26 
2.2 
3.5 
5.9 
.4 

68.18 
16.15 
1.26 
1.00 
.64 
248 
4.22 
5.59 

69  24 

Fe,0, 

FeO 

MgO 

CaO 

Na,0 

Ka,0   

H,0 

}    2.62 

.97 
21 
4.3 
4.33 

.07 

TiO,                 

p^Oc 

.03 

0  1 
0.02 

c                         ' 

F.::::::::::::;;: :::::::' 

8              ' 

o.as 

MnO 

BaO 

.09 


.08 

Trace 
.13 

.07 

.i 

.05 

.45 

Total 

100.23 

100.1 

99.73 

99.71 

100.18 

100.22 

100  02 

99.56 

1.  Norite,  wall  rock  of  tltaniferous  magnetite  deposit,  Lincoln  pond,  Eliza- 
bethtown,  EsHex  county,  New  York.  Description  by  J.  F.  Kemp,  analysis  by 
W.  F.  Hillebrand,  U.  S.  Geological  Survey.     19th  Ann,  Rept,  1899,  part  3,  p. 

407. 

2.  Gabbro  (hyperite),  dike  near  Nicholville,  Hopkinton,  Saint  Lawrence 
county,  New  York.  Brief  mention  by  H.  P.  Gushing.  16th  Ann.  Rept  New 
York  State  Geologist,  1806,  p.  22.    E.  W.  Morley,  analyst 

3.  Anorthoslte  gabbro,  Cames's  quarry,  Altona,  Clinton  county.  New  York. 
Description  by  H.  P.  Gushing,  analysis  by  E.  W.  Morley.  19th  Ann.  Rept  New 
York  State  Geologist,  p.  r58. 
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4.  AnortbosltG,  summit  of  Mount  Marcy,  Keene,  Essex  county,  New  York. 
A.  R.  Leeds,  analyst.    30th  Ann.  Rept  New  York  State  Museum,  p.  92. 

5.  Anorthoslte,  Keene  .township,  Essex  county.  New  York  (precise  locality 
not  given).    A.  R.  Leeds,  analyst.    30th  Ann.  Rept.  New  York  State  Museum. 

6.  Anorthoslte  showing  transition  to  augite  syenite,  cut  by  New  York  Central 
and  Hudson  River  railroad  nearly  5  miles  north  of  Tupper  Lake  Junction, 
Altamont,  Franklin  county,  New  York.  B.  W.  Morley,  analyst  20th  Ann. 
Rept  New  York  State  Geologist,  p.  r68. 

7.  Basic  syenite  (andose)  from  near  Raquette  Falls,  New  York.  Analysis  by 
E.  W.  Morley.    Bulletin  no.  115,  New  York  State  Museum,  p.  514. 

&  Basic  syenite  from  Natural  Bridge,  Diana,  Lewis  county.  New  York.  0, 
H,  Smyth,  Jr.    Bulletin  of  the  Geological  Society  of  America,  vol.  6,  p.  274. 

9.  Augite  syenite  (laurvlkose),  road  from  Tupper  lake  to  Wawbeek.  Bulle- 
tin no.  115,  New  York  State  Museum,  p.  514. 

10.  Augite  syenite  (harzose),  by  New  York  Central  and  Hudson  River  rail- 
road, 3%  miles  north  of  Tupper  Lake  Junction.    Op.  clt.,  p.  514. 

11.  Augite  syenite  (pulaskose),  Loon  lake,  Franklin  county.  New  York. 
Bulletin  of  the  Geological  Society  of  America,  vol.  10,  pp.  177-192. 

12.  Augite  syenite,  near  Harrlsvllle,  Diana,  Lewis  county.  New  York.  C.  H. 
Smyth,  Jr.    Bulletin  of  the  Geological  Society  of  America,  vol.  6,  pp.  271-274. 

13.  Augite  syenite  (toscanose).  Little  Falls,  Herkimer  county.  New  York. 
Op.  clt,  p.  514. 

14.  Quartz  syenite  (toscanose).  New  York  and  Ottawa  railroad,  2^  miles 
south  of  Willis  pond,  Altamont,  Franklin  countj'.  New  York.    Op.  clt,  p.  514. 

15.  Quartz  syenite,  near  south  end  of  Big  Tupper  lake.    Microscopic  analysis. 

16.  Granitic  gneiss.  Trembling  mountain,  Quebec.  F.  D.  Adams.  American 
Journal  of  Science,  July,  1895,  p.  67.    W.  C.  Adams,  analyst 

Analyses  9,  10,  11,  13  and  14  by  E.  W.  Morley. 

It  is  to  be  noted  that  these  analyses  are  from  widely  scattered  locali- 
ties, though  all  of  rocks  believed  to  be  the  equivalents  of  those  under 
discussion.  Only  numbers  7,  9,  10,  and  16  are  from  the  immediate  dis- 
trict. It  is  thought  that  the  syenite  analyses  give  a  good  representation 
of  the  variation  in  composition  of  the  Tupper  bathylith ;  but  it  is  feared 
that  the  anorthoslte  gabbro  and  gabbro  analyses  may  not  serve  as  well 
as  representatives  of  the  similar  rocks  under  consideration  here.  None 
of  the  analyses  were  made  with  the  purposes  of  this  discussion  in  mind, 
and  an  element  of  uncertainty  necessarily  enters  into  their  use. 

The  basic  syenites  (analyses  7-10)  are  thought  to  be  owing  to  assimi- 
lation of  gabbro  and  anorthoslte  gabbro  from  the  syenite  border.  From 
the  field  situation  of  the  most  basic  of  these  (number  7)  it  is  judged  that 
gabbro,  rather  than  anorthoslte  gabbro,  has  been  the  rock  digested. 
Study  of  the  slides  of  this  gabbro  leads  to  the  belief  that  its  composition 
is  more  nearly  represented  by  the  rock  of  analysis  2  than  of  apalysis  1, 
though  considerable  uncertainty  prevails  as  to  whether  either  is  a  close 
representative  of  its  composition.     Therefore  a  calculation  of  the  com- 
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position  of  a  mixture  of  this  rock  with  a  normal  syenite  (analysis  11) 
in  proper  proportion  to  give  a  silica  percentage  equal  to  that  of  the  basic 
syenite  of  analysis  7  is  presented  for  comparison  with  the  rock  itself. 
This  mixture  would  consist  of  58.3  per  cent  gabbro  and  41.7  per  cent 
SA'enite.  These  relative  percentages  of  the  gabbro  and  syenite  form 
columns  1  and  2,  their  sums  give  the  composition  of  the  mixture  in 
column  3,  and  in  column  4  is  the  analysis  of  the  jyasic  syenite  for  com- 
parison. The  two  iron  oxids  are  put  together  and  only  the  principal 
oxids  included  in  the  table. 


I 


SiO, •  27.65 

A1,0, 10.11 

Fe,0, 8.82 

MgO 3  04 

CaO 4.72 

Na,0 2.03 

K,0 1.1 


57.47 


26.45 
7.66 
1.66 
.15 
1.27 
2.11 
2.15 


54.1 

54.1 

17.77 

17.45 

10.48 

10  99 

3.19 

2.33 

5.99 

6.17 

4.14 

3.81 

3.25 

3.06 

98.92 


-h  .32 

—  .51 
-h.86 

—  .18 
+  .33 
+  .19 


97.91 


In  view  of  the  many  uncertainties  connected  with  the  calculations,  it 
has  not  been  deemed  necessary  to  recalculate  the  footings  to  100  per  cent. 
It  is  thought  that  they  show  just  as  clearly  the  size  and  importance  of 
the  discrepancies  as  they  stand  as  if  so  recalculated.  Though  there  is 
a  considerable  difference  in  the  magnesia  percentage  of  the  two,  it  is 
not  thought  to  be  of  a  higher  order  than  the  differences  in  magnesia 
content  shown  by  the  rocks  of  both  classes  of  similar  silica  content  when 
followed  from  place  to  place.  The  other  differences  are  certainly  of  no 
higher  order.  The  calculation  is  therefore  thought  to  indicate  that  in 
this  instance  the  chemical  evidence  is  not  opposed  to  the  suggested  hy- 
pothesis. Neither  the  gabbro  nor  the  syenite  used  in  the  calculation  are 
from  the  immediate  region,  though  it  is  thought  that  each  could  be 
closely  duplicated  there.  Each  rock  also  varies  considerably  from  place 
to  place,  and  it  is  an  open  question  whether  the  syenite  and  the  gabbro 
from  the  Tupper  Lake  region  would  or  would  not  have  furnished  a 
closer  agreement  had  analyses  been  available. 

This  very  basic  syenite  is  not  the  average  variety  of  the  basic  rock, 
but  the  most  extreme  type  met  with  which  furnished  material  sufBciently 
fresh  for  chemical  analysis.  The  only  available  analysis  of  syenite  of 
more  average  basicity  is  that  from  the  syenite  intrusion  inlying  in  the 
anorthosite  nearly  midway  on  the  northern  border  of  the  map.    The 
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adjacent  rock  along  this  portion  of  the  border  is  anorthosite  gabbro. 
If  there  has  been  incorporation  of  material  from  the  anorthosite  by 
this  syenite^  it  is  but  fair  to  assume  that  the  assimilated  rock  was  not 
mere  gabbro,  but  anorthosite  gabbro.  No  analysis  of  the  typical  anor- 
thosite gabbro  of  the  region  is  available,  the  rock  from  Eand  hill,  Clinton 
county,  a  distant  locality  where  the  rock  occurs  as  an  outlier  instead  of 
as  a  portion  of  the  great  anorthosite  bathylith,  being  the  only  one  so  far 
analyzed.  Like  the  rock  of  most  of  the  outliers,  this  is  of  a  somewhat 
abnormal  type,  being  certainly  higher  in  alumina  and  lime  and  lower  in 
iron  and  magnesia  than  the  usual  anorthosite  gabbro.  Study  of  the 
slides  of  the  Tupper  Lake  rock,  however,  suggests  that  its  composition 
would  be  quite  similar  to  a  half  and  half  combination  of  this  Hand  HiU 
rock,  whose  analysis  appears  as  number  3  of  the  table,  with  that  of  the 
gabbro  of  number  2,  and  the  calculation  is  then  made  of  a  combination 
of  this  with  the  normal  syenite  of  number  11  in  the  proper  proportions 
to  obtain  a  rock  of  the  silica  percentage  of  the  medium  basic  syenite  of 
number  9.  In  the  following  table  columns  1  and  2  are  the  respective 
analyses  of  the  gabbro  and  anorthosite  gabbro,  column  3  a  combination  of 
50  per  cent  of  each,  column  4  the  syenite,  column  5  the  result  of  com- 
bining 3  and  4  on  the  basis  of  26.8  per  cent  of  the  former  and  73.2  per 
cent  of  the  latter,  while  column  6  gives  the  analysis  of  the  basic  syenite 
for  comparison  with  the  calculated  composition  of  the  mixture,  and 
column  7  the  discrepancies  between  the  two. 


SiO,. . 

AlA 
Fe,0, 

MgO. 

CaO.. 

Na,0 

K,0.. 


1 

2 

3 

4 

5 

6 

47.42 

51.62 

49.52 

63.46 

59.7 

59.7 

17.34 

24.45 

20.89 

18.38 

19.05 

19.52 

15.13 

6.95 

11.04 

3.98 

5.87 

6.81 

5.21 

1.21 

3.21 

.35 

1.11 

.78 

8.09 

9.97 

9.03 

3.06 

4.66 

3.36 

3.48 

3.49 

3.48 

5.06 

4.63 

5.31 

1.89 

1.27 

1.58 

5.15 

4.19 
99.21 

4.14 

98.56 

98.96 

98.75 

99.43 

99.62 

—  .47 

—  .96 
+  .33 
+1.3 

—  .68 
+  .05 


Here  is  a  large  discrepancy  in  lime  and  considerable  ones  in  other 
constituents.  These  are  thought  to  be  due  in  part  at  least  to  unsound- 
ness in  the  original  assumption  that  the  rock  of  column  3  is  closely  akin 
to  the  anorthosite  gabbro  of  the  district,  the  trouble  arising  from  the 
abnormal  character  of  the  rock  of  column  2.  But  inspection  of  analyses 
8-10  of  the  original  table,  all  of  which  are  basic  syenites  of  not  widely 
differing  silica  percentages,  shows  much  variation  in  all  the  constituents 
which  show  the  main  discrepancies  here,  so  that  if  either  nimiber  8  or 
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number  10  had  been  used  in  the  calculation  instead  of  number  9  the 
discrepancies  would  have  varied  largely,  or,  in  other  words,  that  the  dif- 
ferences between  numbers  5  and  6  of  this  table  are  of  the  same  order 
as  those  between  8  and  9  or  9  and  10  of  the  original  table.  It  is  not 
thought,  therefore,  that  the  calculation  can  be  regarded  as  furnishing  an 
argument  against  the  general  hypothesis,  though  it  is  not  maintained 
that  it  is  of  any  especial  value,  owing  to  the  assumptions  which  enter 
into  it. 

In  attempting  a  calculation  of  the  soaked  rock  (analysis  6  of  the 
original  table)  the  same  difficulty  is  met  as  in  the  previous  case,  namely, 
lack  of  an  analysis  of  the  anorthosite  gabbro  near  by.  From  study  of  the 
thin-section  this  is  estimated  to  have  a  composition  similar  to  that  of  a 
mixture  of  the  analyzed  gabbro  and  anorthosite  gabbro  in  the  proportion 
of  35  per  cent  of  the  former  and  65  per  cent  of  the  latter.  Labradorite 
augen  are  more  abundant  and  conspicuous  than  in  the  previous  ease, 
where  a  half  and  half  mixture  was  assumed.  Obviously  there  is  the  same 
uncertainty  here  as  appeared  in  the  previous  calculation,  the  somewhat 
abnormal  character  of  the  anorthosite  gabbro  of  the  analysis.  Since  the 
calculation  is  precisely  similar  to  the  last,  the  analyses  of  the  gabbro  and 
anorthosite  gabbro  are  not  repeated  and  column  1  of  the  following  table 
is  the  combination  of  35  per  cent  and  65  per  cent  of  the  two  respectively. 
The  adjacent  syenite  which  is  supposed  to  have  soaked  the  other  rock 
is  of  about  the  basicity  and  character  of  that  of  analysis  9  of  the  original 
table,  appearing  here  in  column  2.  These  two  are  combined  in  the  pro- 
portion of  56  per  cent  of  the  former  and  44  per  cent  of  the  latter,  the 
result  appearing  in  column  3,  with  the  analysis  of  the  soaked  rock  in 
column  4  and  the  discrepancies  in  column  5. 


SiO... 
AlA 
Fe,0, 
MgO. 
CaO. 
Na.0 


1 

2 

3 

« 

4 

50.15 

59.7 

54.36 

54.38 

2196 

19  52 

20.87 

20.63 

9.82 

6.81 

8.5 

8.28 

2.61 

.78 

1.8 

1.99 

9.31 

3.36 

6.69 

5.39 

3.49 

5.31 

4.3 

5.2 

1.49 

4.14 

2.65 

3.4 

98.83 

99.62 

99.17 

99.17 

-f  .34 
+  .22 

—  .19 
-fl.3 

—  .9 

—  .75 


There  is  more  lime  and  less  alkalies  in  the  calculated  mixture  than  in 
the  actual  rock,  just  as  was  true  in  the  previous  calculation.  This  might 
suggest  either  an  error  common  to  both,  due  to  the  assumed  mixture  of 
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gabbro  and  anorthosite  gabbro  not  adequately  representing  the  character 
of  the  anorthosite  gabbro  here,  or  else  might  be  regarded  as  a  difference 
which  threw  doubt  on  the  suggested  origin  of  the  two  rocks  concerned. 
To  the  writer  the  former  seems  vastly  the  more  probable,  since  the  anor- 
thosite gabbro  used  is  known  to  be  a  somewhat  abnormal  rock,  and  the 
similarities  between  the  calculation  and  the  analysis  seem  to  him  also 
much  more  significant  than  the  differences.  It  is  not  being  argued  that 
they  afford  evidence  of  the  truth  of  the  advanced  hypothesis,  but  only 
that  they  do  not  furnish  ground  for  an  argument  against  it. 

So  far  as  the  writer  is  aware,  no  analyses  of  the  granitic  gneisses  of 
the  Adirondacks  have  been  made,  so  that  recourse  must  be  had  to  Cana- 
dian analyses  in  order  to  get  any  data  for  comparison  with  the  acid 
syenites.  The  only  one  of  these  known  tp  the  writer  is  that  quoted  as 
number  16  of  the  table  of  analyses  and  repeated  as  column  1  of  the 
following  table.  With  it  are  two  analyses  of  granitic  phases  of  the 
syenite,  numbers  14  and  15  of  the  original  table. 


SiO,. . 
A1,0, 
Fe,Oa 
MgO. 
CaO. 
Na,0 
K,0. 


1 

2 

69  24 

68.5 

14.85 

14.69 

2.62 

4.59 

.97 

.26 

2.1 

2.2 

4.3 

3.5 

4.33 

5.9 

68.18 
16.15 
2.26 
.64 
2.48 
4.22 
5.59 


These  are  such  trifling  differences  in  composition  that  there  is  little 
to  be  gained  by  making  calculations.  The  two  syenites  differ  from  one 
another  as  much  as  either  differs  from  the  granite.  It  is,  however,  to  be 
noted  that  the  syenites  are  nearly  as  siliceous  as  the  granite-gneiss,  so 
that  if  they  have  been  produced  from  the  normal  syenite  of  about  63 
per  cent  of  silica  by  digestion  of  granite  no  more  acid  than  this,  the 
amount  of  granite  digested  must  enormously  exceed  the  syenite  in  the 
mixture,  which  seems  most  improbable.  Experience  with  other  syenite 
bathyliths  of  the  region  has  led  the  writer  to  the  view  that  they  have 
a  normal  tendency  to  produce  a  more  acid  differentiation  border.  But 
the  detailed  field  work  necessary  to  establish  that  view  is  as  yet  undone. 
If  it  be  true,  it  follows  that  the  acidity  of  these  syenites  is  due  in  whole 
or  part  to  this  normal  differentiation,  and  only  in  part  or  not  at  all  to 
incorporation  of  material  from  the  granite-gneiss.  Such  incorporation 
would,  however,  evidently  yield  a  rock  quite  like  the  acid  syenite,  so  that 
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there  is  no  chemical  difSculty  in  the  way.  If  the  syenites  of  the  r^on 
do  tend  to  differentiate  a  more  acid  border^  the  basic  border  adjacent  to 
the  anorthosite  is  all  the  more  remarkable,  and  it  is  there  that  the  major 
part  of  the  field  evidence  suggesting  incorporation  is  found.  The  in- 
stance of  the  acid  syenite  in  Litchfield  park  passing  into  basic  syenite 
around  the  large  anorthosite  inclusion  there  will  be  recalled  in  this  con- 
nection. 

In  conclusion  it  may  be  said  that  while  the  chemical  evidence  is  by 
no  means  of  satisfactory  nature,  owing  mainly  to  the  lack  of  selected 
analyses  made  with  this  problem  in  view,  yet  that  it  does  not  seem  to 
afford  any  valid  argument  in  opposition  to  the  field  evidence,  which  does 
distinctly  suggest  the  incorporation  and  digestion  of  material  from  the 
surrounding  rocks,  especially  from  the  anorthosite,  as  the  cause  of  the 
peculiar  differentiation  of  the  syenite. 
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Introduction 


The  remarkable  crateriform  pit  in  central  Arizona,  famous  on  account 
of  its  association  with  the  Canyon  Diablo  siderites  and  through  the  writ- 
ings of  Dr  G.  K.  Gilbert,  has  lately  come  into  special  geologic  interest 
through  the  explorations  of  the  Standard  Iron  company.  Appreciating 
the  money  value  of  the  rare  elements  associated  with  a  large  quantity  of 
meteoric  iron  and  believing  that  an  enormous  mass  was  imbedded  in  the 
crater,  four  men  with  commendable  enterprise  and  scientific  interest, 
backed  by  financial  ability,  acquired  the  crater  and  adjacent  land  under 
mining  law,  and  for  four  years  have  been  probing  the  crater  and  its  rim. 
Recently  two  of  the  company,  ^fr  D.  M.  Barringer  and  B.  C.  Tilghman, 
have  published  articles  giving  the  results,  to  that  date,  of  their  explora- 
tions.! 


•  Manuscript  received  by  Secretary  of  the  Society  from  Censor  October  31,  1007. 

t  D.  M.  Barringer :  Coon  mountain  and  its  crater.  Proc.  Acad.  Nat.  Scl.,  Philadel- 
phia, December,  1905,  pp.  861-886. 

B.  C.  Tilghman  :  Coon  Butte,  Arizona.     Ibid.,  pp.  887-014. 

The  writings  of  Doctor  Gilbert  are  in  the  13th  Ann.  Rept  U.  S.  Geological  Survey, 
part  1,  p.  08;  14th  Ann.  Rept,  p.  187;  Science  (new  series),  voL  8,  1896,  pp.  1-13,  with 
illustrations ;  Geological  Society  of  Washington,  presidential  address,  March,  1806. 

The  original  descriptions  of  the  Canyon  Diablo  siderites,  with  notice  of  the  crater, 
was  published  by  A.  E.  Foote  In  Proc.  Am.  Assoc.  Adv.  Scl.,  vol.  40,  1892,  pp.  270-283 ; 
also  in  Amer.  Jour,  of  Sci.,  vol.  42,  1891,  p.  413. 

A  detailed  analysis  of  the  siderlte  was  published  by  O.  A.  Derby,  in  Amer.  Jour,  of 

XLIII— Bull.  Geol.  Soc.  Am.,  Vol.  18,  1906  (493) 
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Up  to  the  present  time  more  than  50  pits  and  trenches  have  been  exca- 
vated in  the  debris  of  the  outer  slopes ;  seven  shafts  ha^e  been  dug  in  the 
floor  of  the  crater,  three  of  them  to  the  depth  of  200  feet  or  over;  and 
eight  drill  holes  have  been  sunk  in  the  central  part  of  the  crater,  four  of 
which  passed  entirely  through  the  white  sandstone  and  penetrated  the 
underlying  dark  red  sandstone  at  a  depth  of  880  feet  lx;low  the  crater 
floor,  to  a  total  depth  of  over  1,050  feet. 

These  explorations  have  developed  a  mass  of  new  aijd  important  facts 
which  favor  the  theory  of  meteoric  impact  origin,  and  certainly  rule  out 
the  hypothesis  of  igneous  or  volcanic  origin.  The  writer  visited  the 
crater  during  the  past  summer  and  studied  the  phenomena  under  the 
guidance  of  Mr  S.  J.  Holsinger,  one  of  the  mining  company,  who  has 
been  camping  on  the  crater  rim  for  four  years  and  directing  the  explora- 
tion. 

Professor  Branner  had  visited  the  crater  a  few  weeks  earlier,  and  the 
writer  agrees  with  him  that  if  the  phenomena  are  not  of  meteoric  origin 
then  they  constitute  the  most  interesting  geological  puzzle  of  the  present 
time. 

To  ^fessrs  Barringer,  Tilghman,  and  Holsinger  the  writer  is  under 
obligation  for  courteous  assistance.  Their  two  papers,  noted  above, 
contain  an  array  of  interesting  facts  relating  to  the  crater  phenomena. 
The  purpose  of  this  writing  is  to  bring  before  the  Geological  Society  the 
more  salient  and  important  facts. 

The  Rock  Strata 

The  rocks  belong  in  the  Grand  Canyon  series.  The  outcrops  in  the 
crater  and  the  deep  drilling  give  the  following  section: 

1.  Bed  sandstone,  thickness  30  to  40  feet. 

2.  Aubrey  limestone,  yellowish,  250  di  feet. 

Scl.,  vol.  49,  February.  lOOn,  pp.  101-110.  Other  writers  on  the  Irons  are  Breslna, 
Cohen,  and  Himtlnprton. 

The  stony  meteorite  referred  to  by  Mr  Barrlnper  (p.  883  of  his  paper)  was  described 
by  J.  W.  MaUet,  In  Araer.  Jour,  of  Scl.,  vol.  21,  May,  1906,  pp.  347-355. 

Dr  .T.  C.  Branner  presented  the  papers  of  Messrs  Barringer  and  Tilghman  before  Sec- 
tion E,  American  Association  for  the  Advancement  of  Science,  at  the  Ithaca  meettns. 
June  29,  190H,  with  the  results  of  his  own  study  of  the  phenomena,  which  favored  the 
view  of  meteoric  orif^ln  of  the  crater.  This  Is  reported  in  Science,  vol.  24.  September  21, 
1906,  pp.  370-371. 

At  the  10th  Session  of  the  International  Geological  Congress,  In  Mexico,  September  14. 
1906,  II.  L.  Falrchild  presented  the  new  facts  favoring  the  Impact  origin  of  the  crater, 
and  exhibited  the  various  materials.  The  record  will  be  found  In  Compte  Reodu.  X 
Session,  Conpres  (ieol.   Inter.,  Mexico,  1906. 

O.  C.  Farrlngton  has  analyzed  the  siderlte  oxides  ("Iron  shales"),  and  discussed  their 
origin  and  relation  to  the  typical  Canyon  Diablo  Irons,  in  Amer.  Jour,  of  Scl.,  vol.  22. 
October,  1906,  pp.  303-309. 
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THE  HOCK  STRATA 

3.  ttTiite  saiidBtone  with  some  yellow  ,. 
and  pink,  about  1,000  feet,  J 

4.  Dark  rod  sandstone,  thickness  un-  j, 
known.  'J 

The   uncertainty   as   to   the   precise  i]  | 

thickness  of  the  limestone  is  due  to  tiie  ||  i 
broken  and  disturbed  structure  of  Ibc 

upfilted  beds  in  the  crat«r  walls,     Mr  j||'| 

Barringer  gives  the  thickness  as  200  to  '|j' 

350  feet.     Xo  drilling  has  been  done  |i[l| 

on  the  plain  outside  the  crater,  where  Ijl 

the  rocks  arc  undistiirlted,  I  III 


Thk  Crater 

Many  interesting  and  important  de- 
tails  relating   to   the   crater   and   the 
debris  will  be  found  in  the  papers  by    ; 
Messrs  Barringer  and  Tilghman  and  in   ] 
the  earlier  writings  by  Doctor  Gilberi, 
but  only  the  more  important  facts  will    : 
be  given  here. 

The  pit  or  "crater"  is  circular  and   i 
bowl-sbaped,  4,000  feet  in  dianictiT  at 
the   top,   and   toward   600   foct   dec)),    • 
measuring  from  the  rim.     The  upp(-r  ■■ 
part  of  the  walls  are  steep  cliffs   (see   ■ 
plate  55)  of  limestone  and  sandstone, 
uptilted  so  as  to  have  a  quafjuavcrsal 
dip  of  30  to  40  degrees,  and  in  places  is 
greatly    shattered    and    crushed.     The 
lower  part  of  the  walls  is  a  talus  slopi^ 
produced  by  many  centuries  of  storm- 
wash  on  the  broken  cliffs.     Just  prc- 
viotis  to  the  writer's  visit  to  the  crater 
(September,   1906)   a  heavy  storm  or 
"cloudburst,"  characteristic  of  the  arid 
region,  burst  exactly   over   the  crater 
und  illustrated  the  talus-making  pro- 
cess.    The  northern  trail  leading  down 
the   crater   wall    was    obliterated    and 
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trains  of  boulders  were  swept  far  out  on  the  floor  of  the  crater,  while 
the  shaft-house,  tool-house,  and  other  buildings  in  the  middle  of  the  pit 
had  their  floors  buried  in  mud. 

It  would  appear  that  the  original  diameter  of  the  crater  must  have 
been  appreciably  less  than  now,  the  walls  steeper,  and  depth  of  the 
pit  greater.  The  nearly  circular  floor  of  the  crater  is  about  1,800  feet 
across,  with  a  nearly  flat,  or  gently  rolling,  surface.  The  floor  consists 
of  aqueous  sediments,  with  intercalating  inwashed  beds  of  the  talus  about 
the  margin.  These  sediments  have  been  found  to  average  depth  of  70 
feet,  and  contain  vegetal  or  peaty  layers,  beds  of  diatomaceous  material, 
pond  snails,  and  a  stratum  of  volcanic  dust  and  lapilli  from  one-fourth  of 
an  inch  to  three  inches  in  thickness ;  also  scattered  boulders,  which  were 
probably  rolled  in  on  the  lake  ice  or  rafted  in  on  floating  ice  cakes.  The 
volcanic  debris  suggests  that  the  crater  antedates  the  latest  volcanic  erup- 
tions of  the  region.  At  present  no  water  stands  in  the  crater,  but  it 
is  encountered  200  feet  beneath  the  floor,  or  over  600  feet  below  the  sur- 
face of  the  plain,  which  suggests  possible  climatic  change.  Mr  Holsinger 
states  that  cedars  growing  on  the  crater  rim  are  over  700  years  old. 

The  bottom  of  the  pit  when  formed  must  have  been  at  least  540  feet 
below  the  level  of  the  plain  and  about  750  feet  below  the  rim,  the  latter 
now  being,  after  centuries  of  storm-wash,  130  to  160  feet  high  above  the 
surrounding  plain.  This  crater  rim  consists  of  the  uplifted  rocks  cappe<l 
by  an  enonnoiis  mass  of  rocks  debris,  giving  the  appearance  from  a  dis- 
tance of  a  range  of  low  hills  with  rough  surface  (see  plate  54). 

Volcanic  Theory  untenable 

Beneath  the  central  area  of  the  crater  the  red  standstone  (number  4)  is 
found  in  place  beneath  the  white  sandstone  (number  3),  which  shows  tlio 
absence  of  any  chimney  or  volcanic  pipe  of  considerable  size  and  posi- 
tively rules  out  any  explosion  from  beneath.  The  conception  of  a  vapor 
explosion  in  the  thick  white  sandstone  is  ruled  out  by  the  existing  phe- 
nomena, ^f r  Barringer  and  Mr  Tilghman  have  given  the  facts  bearing  on 
this  theory,  and  in  unpublished  writing  Mr  Tilghman  has  clearly  dis- 
cussed the  mechanics  and  the  subsequent  effects  of  a  steam  explosion. 
The  white  sandstone,  nearlv  1,000  feet  thick  and  underlvinor  all  the 
country,  is  very  porous  and  would  contain  a  large  volume  of  water.  The 
pressure  of  any  heated  water  or  vapor  sufficient  to  throw  the  mass  of 
rock  out  of  the  pit  must  have  existed  through  an  immense  horizontal 
extent  of  the  strata,  and  a  long  time  would  have  been  required  for  entire 
relief  of  the  pressure  through  the  vent,  and  with  decided  hot  spring  or 
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fumarolic  or  solfataric  phenomena.  With  all  the  careful  study,  there  has 
not  been  found  the  least  evidence  of  any  volcanic  or  igneous  activity  of 
any  kind.  The  nearest  volcanic  phenomena  are  at  the  San  Francisco 
mountains,  about  15  miles  distant.  Further,  the  pulverized  character  of 
the  rock  debris,  described  below,  is  not  consistent  with  the  idea  of  an 
explosion  nor  with  the  digestive  action  of  heated  waters.  The  explosive 
or  volcanic  theory  has  not  a  single  fact  to  stand  on.  On  the  other  hand, 
the  investigation  has  developed  several  remarkable  facts  which  are  well 
explained  by  the  impact  theory  of  the  crater  genesis. 

The  powdered  Saxdstone,  "Silica" 

It  has  been  found  that  the  greater  part  of  the  enormous  mass  of  rock 
debris  or  ejectamenta  on  the  outer  slopes  of  the  crater  rim  is  a  very  fine, 
white,  quartz  powder ;  and  the  same  material  occupies  the  pit,  beneath  the 
inwashed  beds,  to  the  depth  of  several  hundred  feet.  This  "silica" 
(using  the  term  common  on  the  ground)  is  certainly  only  the  crushed 
white  sandstone.  Much  of  it  is  as  fine  as  flour,  50  per  cent  of  it  passing 
through  a  number  100  sieve,  but  under  the  microscope  it  shows  its  char- 
acter as  crushed  crystalline  quartz.  Quoting  from  Mr  Tilghman  (page 
896)  : 

.  .  .  "it  Is  mostly  as  white  as  snow  and  consists  of  over  IK)  per  cent 
Hllica,  although  here  and  there  small  areas  or  deposits  will  be  of  a  slightly 
yellowish  color  from  the  yellow  limestone  and  contain  a  little  carbonate  of 
lime  (although  this  has  to  a  great  extent  been  leached  out  of  it),  and  much 
more  rarely  of  a  reddish,  color,  either  stained  by  or  produced  from  the  top 
stratum  of  red  sandstone.  Under  the  microscope  it  is  seen  to  consist  of 
minute  fragments  of  clear  transparent  quartz  with  edges  and  points  of 
extreme  sharpness,  and  no  signs  of  any  rounding  are  anywhere  visible  upon  its 
particles.  In  some  areas  the  material  Is  composed  of  this  material  exclu- 
sively. .  .  .  But  in  other  localities  it  can  be  found  containing  a  greater  or 
less  percentage  of  broken  sand  grains  among  it  which  have  escaped  being 
crushed  out  of  all  recognizable  shape.  A  continuous  series  of  material  can  be 
found  containing  more  and  more  broken  sand  grains  .  .  .  on  up  to  the 
solid  sandstone  rock.  Its  general  microscopic  appearance  Is  identical  with 
that  of  a  handful  of  glass  fragments  produced  by  a  blow.  It  cannot  be  quite 
imitated  by  grinding  the  sand  grains  in  a  mortar,  as  the  edges  and  points  of 
the  powder  thus  produced  are  more  blunted  and  rounder  and  broken  than  those 
of  the  silica.  But  it  is  very  closely  duplicated  by  the  finest  powder  produced 
by  firing  a  high-power  rifle  bullet  against  a  block  of  the  sandstone." 

On  the  surface  of  the  wreckage  slopes  the  silica  has  been  so  removed 
by  stormwash  and  winds  that  larp:e  fragments  of  the  several  rocks  occupy 
most  of  the  present  surfaces,  in  size  up  to  thousands  of  tons  (see  plate 
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54) ;  but  the  silica  is  everywhere  encountered  in  the  pits  and  trenches. 
Fragments  of  the  rocks  of  all  sizes  are  scattered  irregularly  through  the 
silica,  but  quite  clean  sections  of  the  powder  are  found  up  to  40  feet  deep ; 
and  it  is  the  predominating  material  in  contact  with  the  upturned  red 
sandstone.  On  the  south  side  of  the  crater  rim  the  silica  is  exposed  in  a 
ravine  some  600  feet  long  and  8  to  10  feet  deep.  Imbedded  in  the  silica 
are  not  only  quantities  of  the  limestone  and  the  red  sandstone,  but  also 
masses  of  the  white  sandstone  in  all  stages  of  the  crushing.  Some  of  the 
blocks  preserve  the  bedding  planes  and  oblique  lamination  and  to  the  eye 
appear  as  firm,  unaltered  rock,  but  under  a  little  pressure  crumble  in  the 
hand  into  the  flour-like  silica.  By  the  explorers  these  have  been  aptly 
called  the  ^'ghost"  sandstone. 

Two  metamorphic  forms  of  the  sandstone  are  found  which  are  of  spe- 
cial significance.  One  form  ("variety  A")  has  a  higher  density  with  a 
slaty  structure,  the  cleavage  having  no  relation  to  the  rock  lamination. 
This  form  seems  to  b5  a  direct  product  of  intense  compression.  It  is 
found  in  the  drill  holes  to  the  depth  of  over  400  feet. 

The  other  peculiar  form  ("variety  B'')  of  the  transformed  sandstone  is 
a  very  light,  cellular  or  pumiceous  structure,  of  considerable  firmness  and 
rigidity,  but  so  light  that  it  will  float  on  water  like  a  piece  of  wood.  This 
pumiceous  form  is  rare,  but  is  reported  from  the  drillings  to  the  depth  of 
160  feet  below  the  sediments.  TTnder  the  microscope  it  is  found  to  be 
mainly  composed  of  amorphous  silica,  but  with  scattered  particles  of 
crystalline  quartz.  It  would  seem  to  be  tlio  natural  product  of  the  in- 
tense heat  of  compression  on  portions  of  the  sandstone  which  contained 
suificient  water,  perhaps  along  the  joints  of  the  strata,  to  effect  an  aqueo- 
igneous  fusion. 

These  three  forms  of  tlie  crushed  sandstone,  the  powdery,  slaty,  and 
cellular,  are  the  products  which  should  be  expected  from  a  tremendous 
crushing  blow  with  resulting  heat.  They  are  not  the  products  of  an  ex- 
plosion, which  would  shatter  the  rocks,  but  would  not  reduce  them  to  dust. 
Tlie  first  two  fonus  are  also  entirely  opposed  to  the  hypothesis  of  aqueo- 
igneous  origin  of  the  crater,  and  tlie  c(»llular  form  is  probably  unknown 
in  hot  springs  and  fumarolic  deposits.* 


•  The  mechanics  of  Impact  by  projectiles,  as  relating  to  the  orii^In  of  the  sandstone 
powder.  Is  well  stated  by  Mr.  Tlljrhman  as  follows  (pages  899-800)  : 

"To  account  for  the  presence  of  this  silica  |K>wder  on  the  theory  that  the  bole  was 
formed  by  a  great  projectile  requires  a  short  preliminary  study  as  to  the  yielding  of 
hard,  brittle,  and  practically  Incompressible  material  before  a  projectile  or  other  blow, 
or  even  quiet  pressure,  for  the  method  Is  much  the  same  In  both  cases.  Briefly,  the  way 
In  which  substances  yield  to  either  pressure  or  blow  In  excess  of  their  power  of  resist- 
ance is  that  a  cone  of  material,  with  an  apex  angle  of  about  90  degrees,  is  compressed 
downward  Into  the  solid  mass  of  the  material  from  the  point  of  impact.  This  cone  |>arts 
from  the  overlying  material,  crushes  Into  powder  under  the  force  of  the  pressure  or 
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To  summarize :  all  the  phenomena  thus  far  found  in  the  long  and  care- 
ful exploration  of  the  crater,  the  distribution  of  the  wreckage  both  inside 
and  outside,  and  the  composition  and  structure  of  the  materials  seem  to 
be  fully  and  satisfactorily  explained  on  the  theory  of  impact  by  a  celestial 
bolide  of  high  velocity,  and  do  not  fit  any  other  theory. 

The  NiCKEL-iuoN  Oxides 

The  association  of  the  Canyon  Diablo  siderites  with  the  crater  needs 
no  discussion  here,  but  it  may  be  said  that  the  distribution  of  the  irons 
over  the  crater  rim  and  the  surrounding  plain  has  been  found  much  more 
general  and  extended  than  was  formerly  known;  but  an  important  new 
fact  is  the  general  occurrence  along  with  the  irons,  and  also  in  the  wreck- 
age, of  iron  oxides  of  meteoric  origin.  The  existence  of  these  oxide 
masses  is  not  a  new  discovery,  having  been  noted  by  Doctor  Foote,  but 
their  meteoric  nature,  their  abundance  and  wide  dissemination,  and  their 
intimate  relationship  to  the  phenomena  have  not  been  appreciated.  Pos- 
sibly the  oxide  fragments  were  confused  with  the  abundant  nodules  of 
ordinary  limonite  derived  from  the  country  rocks  and  scattered  over  the 
plain  and  crater  rim. 

Many  oxide  masses,  up  to  large  size,  have  a  globular  form  with  more  or 
less  concentric  structure  and  lamination,  apparently  due  to  weathering 
and  hydration  from  an  original  metallic  mass.  A  siderite  core  is  fre- 
quently found  which  appears  on  cut  and  etched  section  much  like  the 
Canyon  Diablo  irons,  though  the  crystalline  structure  seems  somewhat 
different.  Such  masses  with  metallic  cores  have  been  found  in  the  silica 
of  the  outer  slopes  to  the  depth  of  27  feet,  while  multitudes  of  frag- 
ments, evidently  derived  from  disrupted  nodules,  are  found  over  and  in 


blow,  and  this  powder,  being  still  further  compressed,  transmits  the  pressure  upon  it  in 
aU  directions,  somewhat  lilce  a  fluid,  although  not  equally  in  all  directions.  The 
pressure  thus  generated  In  the  v^ery  substance  of  the  material  seeks  relief  and  forces  a 
yielding  of  the  solid  material  around  it,  which,  of  course,  occurs  along  the  line  of  least 
resistance,  and  bursts  the  surface  upward  and  outward  into  a  cone-shaped  crater  around 
the  point  of  impact  or  pressure,  the  angle  of  which  depends  largely  upon  the  nature  of 
the  material.     .     .     . 

"The  bearing  uf  this  upon  the  formation  of  a  rim  composed  in  part  of  flne  powder  iB 
as  follows :  The  broken  rocks  and  debris  that  are  expelled  from  the  hole  get  their  velocity 
Imparted  to  them  by  the  push  of  an  inelastic  powder,  and  not  by  a  compressed  elastic 
gas,  and  thus,  when  both  rock  fragments  and  powder  have  progressed  far  enough  to  free 
themselves  from  the  pressure  of  the  penetrating  projectile,  they  fly  on  together,  mixed 
powder  and  rocks,  at  the  same  velocity.  This  powder  is  not  dust  in  the  ordinary  accep- 
tation of  the  word,  as  flne  powder  mixed  with  a  large  quantity  of  air,  which  takes  a 
long  time  to  settle  out,  but  is  almost  unmixed  with  air  in  solid  masses,  particle  to  par- 
ticle, like  flour  In  a  barrel,  so  to  speak ;  which  masses  obey  the  laws  of  projectiles  and 
falling  bodies,  irrespective  of  the  exceedingly  minute  particles  of.  which  they  are  formed, 
and  are  thus  deposited  in  the  rim  in  mixture  with  and  under  and  over  the  solid  rock 
massea  which  accompanied  it  in  its  flight,  and  as  quickly." 
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the  silica  and  on  the  plain.  The  concentric  lamination  of  the  oxides  has 
led  the  explorers  to  call  the  material  "iron  shale/'  In  the  hydration 
process  it  is  apparent  that  large  quantities  of  the  material  have  entirely 
disappeared,  but  innumerable  fragments  of  dark  brown  or  black  color  are 
found  which  are  suflSciently  compact  to  take  a  polish,  and  great  numbers 
of  small  unit  masses  are  found  which  have  a  fissured  or  septarium-like 
surface  apparently  due  to  expansion  by  hydration  (see  plate  56). 

In  color  the  oxides  range  from  black  to  yellow,  and  the  decomposing 
material  frequently  shows  green  discoloration  due  to  the  nickel.  Some 
fragments  are  magnetic,  but  they  all  are  hydrous  and  seem  to  be  liraonite, 
with  perhaps  some  turgite. 

The  metallic  centers  of  the  "shale  balls"  polish  and  etch  as  readily  as 
the  Canyon  Diablo  irons,  but  the  crystalline  structure  is  not  quite  the 
same,  and  on  exposure  they  behave  differently.  The  Canyon  Diablo 
retain  polished  surfaces  indefinitely,  but  the  core  irons  rapidly  oxidize  in 
the  atmosphere  of  the  laboratory  and  exude  drops  of  iron  chloride,  soon 
giving  a  fresh  coating  of  rust. 

It  is  evident  that  we  have  in  association  with  the  crater  two  varieties  of 
siderites,  the  well-known  Canyon  Diablo  and  the  chlorine-rich  or  oxidizing 
irons.  (For  brevity  the  initials  C.  D.  will  hereafter  be  used  for  the 
Canyon  Diablo  irons  and  C.  D.  0.  for  the  oxidizing  or  decomposing 
irons.)  This  is  a  remarkable  and  critical  fact.  Do  they  represent  two 
distinct  falls  or  are  they  only  variations  in  the  decomposition  of  one 
huge  meteor?  It  should  also  be  noted  in  this  connection  that  two  forms 
of  the  iron  oxides  may  be  distinguished,  the  limonitic  and  perishable 
coatings  found  on  the  surface  of  the  oxidizing  irons,  and  the  firm,  com- 
pact, and  more  permanent  form,  represented  by  the  fissured  nodules. 
Probably  these  oxides  shade  into  each  other,  but  nevertheless  they  must 
indicate  variations  in  the  composition  of  the  meteoric  material  or  differ- 
ent circumstances  during  the  hydration  process. 

Eock  fragments  are  frequently  found  cemented  together  or  even  en- 
closed by  the  meteoric  iron  oxides,  some  of  the  dark  and  lustrous  masses 
of  the  latter  suggesting  fusion,  though  the  form  is  from  solution.  The 
explorers  have  raised  the  question  if  some  of  the  oxide  material  might 
not  represent  the  superficial  burning  of  the  meteor  in  its  heated  flight 
through  the  atmosphere,  subsequently  changed  by  hydration.  Theo- 
retically the  fused  material  on  the  surface  of  the  flying  meteorite  is 
swept  away  as  rapidly  as  formed,  but  the  particles  of  oxidized  metals 
which  formed  the  incandescent  train  of  the  meteor  should  be  found;  and 
the  explorers  do  find  a  magnetic  dust  over  the  plain,  over  and  through  the 
rock  debris,  and  in  the  crater  drillings  to  the  depth  of  650  feet  below  the 
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floor  of  the  crater.  The  association  of  the  meteoric  dust  with  the  siderites 
is  an  interesting  but  not  unexpected  fact  which  indicates  no  more  associa- 
tion with  the  origin  of  the  crater  than  do  the  large  masses,  but  the  incor- 
poration of  the  meteoric  material  with  the  wreckage  of  the  crater  and 
deep  in  the  crushed  sandstone  of  the  pit  is  very  significant  of  an  associa- 
tion in  time. 

Disposition  of  the  Meteor 

With  expert  knowledge  of  projectiles  and  their  effects  Mr  Tilghman 
has  discussed  the  problem  of  the  size  of  the  meteorite  which  could  pro- 
duce the  crater  (pages  912-913  of  his  paper).  The  effect  of  a  projectile 
is  proportionate  to  weight  and  velocity,  and  with  the  velocity  unknown 
the  weight  or  size  is  indeterminable. 

The  original  or  planetary  velocities  of  meteors  may  be  very  large,  many 
miles  per  second.  Small  meteors  reach  the  earth's  surface  with  a  low 
terminal  velocity,  being  checked  by  the  resistance  of  the  atmosphere. 
A  very  large  meteor  with  high  density  would  traverse  the  atmosphere 
with  less  loss  of  energy.  It  is  thought  that  a  siderite  with  a  terminal 
velocity  of  only  a  few  miles  per  second  would  require  a  diameter  of  only 
a  few  hundred  feet  in  order  to  produce  the  Meteor  crater. 

The  amount  of  Canyon  Diablo  irons  thus  far  collected  is  estimated  at 
about  15  tons.  The  oxides  will  add  only  a  few  tons  to  this  weight.  If 
we  double  this  to  allow  for  fragments  yet  distributed  in  the  wreckage  on 
the  crater  rim,  it  would  amount  to,  say,  60  tons,  or  about  the  weight  of 
the  largest  known  meteorites.  But  this  is  only  a  small  fraction  of  the 
required  weight  even  under  an  assumed  high  velocity,  and  the  explorers 
reasonably  are  expecting  to  find  the  bulk  of  the  meteor  in  the  depths  of 
the  crater. 

Mr  E.  E.  Howell  long  ago  suggested  (see  Doctor  Gilbert's  article)  that, 
as  all  the  Canyon  Diablo  irons  are  perfect  individuals,  none  showing 
either  fracture  or  friction,  they  originally  were  imbedded  in  some  easily 
decomposed  or  stony  material  which  has  disappeared.  It  is  under- 
stood that  with  the  low  temperature  of  the  celestial  visitors  even  the 
nickel  iron  would  be  as  brittle  as  glass,  and  the  impact  would  produce 
subdivision.  The  explorers  have  not  been  unmindful  of  this  suggestion, 
but  thus  far  their  search  has  not  discovered  any  stony  material  foreign  to 
the  local  rocks.  Nevertheless  this  suggestion  may  give  clue  to  the  fate 
of  the  bolide. 

A  very  important  factor  in  the  problem  of  the  disposition  of  the  meteor 
is  the  behavior  of  the  C.  D.  0.  irons.     Their  decomposition  and  disap- 
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pearance  is  a  very  pertinent  fact^  and  no  limit  can  be  placed  on  the 
amount  of  this  material  which  has  been  washed  away  from  the  slopes  of 
the  crater  rim.  The  flour-like  silica  is  quite  impervious  to  the  short 
rains  of  that  arid  region,  and  the  stormwash  by  the  infrequent  but  power- 
ful downpours  carries  the  fine  and  soluble  materials  far  out  on  the  plain. 
In  a  thousand  years  an  enormous  amount  of  the  C.  D.  0.  irons  might  be 
removed.  The  fragments  now  found  on  the  surface  are  probably  only  a 
few  of  the  more  resistant  fragments  or  those  lately  exposed  by  the  erosion 
of  the  slopes.  If  the  C.  D.  0.  irons  belong  to  the  same  fall  as  the  C.  D. 
irons,  then  the  latter  probably  represent  merely  a  few  unoxidizable  frag- 
ments from  the  enormous  mass  of  the  wrecked  meteor,  and  a  part  of  the 
wreck  may  still  lie  in  the  crater. 

In  conversation  with  the  writer  many  years  ago  Mr  E.  E.  Howell  said 
that  in  his  opinion  the  Canyon  Diablo  siderites  were  the  most  interesting 
of  all  known  meteorites,  because  of  their  number,  composition  and  struc- 
ture, contents  and  associations.  This  judgment  has  been  justified.  He 
also  believed  that  the  meteor  made  the  crater  and  might  be  partly  buried 
in  its  depths.  He  seems  to  have  been  correct  in  the  view  as  to  the 
genesis  of  the  crater,  and  may  yet  prove  so  as  to  the  disposition  of  tlie 
meteor. 

In  a  few  months  we  shall  probably  know  more  of  this  matter,  as  tlie 
explorers  are  iml)ued  with  a  persistent  and  commendable  scientific  curi- 
osity and  intend  to  continue  probing  the  crater  until  the  drill  either  finds 
the  meteorite  or  proves  its  absence  in  large  quantity.  It  should  be  said, 
however,  that  failure  to  find  vast  amount  of  the  meteoric  material  in  the 
crater  will  not  be  conclusive  proof  against  the  meteoric  or  impact  theory 
of  the  production  of  the  crater. 

Name 

The  earliest  mention  in  print,  by  Doctor  Foote,  of  the  crater  was  under 
the  name  "Coon  Mountain,"  but  the  term  crater  was  commonlv  used  in 
his  description,  and  indeed  in  most  of  the  writings  of  later  authors. 

The  name  used  by  Doctor  Gilbert  was  "Coon  Mountain"  or  "Coon 
Butte." 

The  San  Francisco  mountain  sheet  of  the  U.  S.  Geological  Sun^ey  map 
designates  the  feature  as  "Coon  Mt." 

Mr  Barringer  used  for  his  article  the  title  "Coon  Mountain  and  it? 

Crater,"  while  :\rr  Tilghman  used  the  title  "Coon  Butte." 

The  name  Coon  butte  has  come  into  general  use,  perhaps  because  of 
its  brevity,  euphony,  and  its  non-commital  character,  but  it  is  whollv 
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inappropriate  and  should  be  supplanted.  The  mound  is  not  a  butte  in 
any  sense,  having  no  property  of  form  or  structure  to  which  the  term  is 
correctly  applied.  The  name  mountain  is  also  wide  of  the  mark  in 
referring  to  a  height  of  only  160  feet. 

The  adjective  name  "Coon"  is  meaningless,  for  no  variety  of  animal 
(either  carnivore  or  human)  ever  known  by  the  name  is  found  in  the 
region.  Mr  Holsinger  has  sought  to  find  the  origin  of  the  name,  but 
ha»  no  clue  except  that  stock  men  say  that  it  was  called  "Coon  Butte"  as 
a  landmark  to  locate  a  pool  of  water  some  miles  eastward,  known  a£  "Goon 
Tank." 

The  important,  striking,  and  positive  topographic  feature  is  not  the 
mound  or  circular  rim,  but  the  depression.  The  name  crater  is  appro- 
priate with  reference  to  the  form,  and  significant  and  accurate  under 
either  hypothesis  of  origin,  as  the  term  crater  is  generic,  being  applied 
to  cavities  made  by  projectiles  as  well  as  by  explosion.  The  name  is 
euphonic  and  is  in  common  use  in  descriptions  of  the  feature. 

As  a  particularizing  adjective  the  term  "Meteor"  is  entirely  appro- 
priate, under  either  theory  of  crater  origin,  on  account  of  its  association 
with  the  most  interesting  of  known  siderites.  The  reasonably  certain 
conclusion  that  the  crater  is  the  effect  of  impact  adds  force  to  the  ad- 
jective. Moreover,  for  some  time  the  U.  S.  Post  Office  located  near  Mr 
Holsinger's  camp  with  the  name  Meteor,  Arizona,  gives  an  official  stand- 
ing to  the  word. 

The  name  "Canyon  Diablo  crater"  would  not  be  inappropriate,  but  it 
has  not  the  brevity  nor  the  euphony  of  the  name  proposed. 

Appendix  (November  10,  1907) 

The  above  paper  gives  the  status  of  the  Meteor  Crater  problem  at  the 
time  of  its  presentation  before  the  Society,  December  29,  1906. 

During  the  past  summer  the  drill  has  been  kept  busy  in  the  crater,  and 
the  results  are  summarized  as  follows  in  a  letter  from  Mr  Tilghman, 
dated  November  1,  1907 : 

"During  the  season  of  1907  sixteen  bore  holes  have  been  drilled  in  the 
eastern  portion  of  the  floor  of  the  crater,  to  an  average  depth  of  between  670 
and  880  feet  Thirteen  of  these  bore  holes  have  showed  undoubted  meteoric 
material  at  depths  of  from  400  to  680  feet  below  the  floor  of  the  crater  and  in  a 
zone  from  20  to  100  feet  in  thickness.  This  meteoric  material  consists  of  (1) 
silica  powder  cemented  into  greenish  lumps  with  a  glassy,  slag-like  material; 
(2)  a  black,  vitreous  material,  both  of  these  containing  iron  and  nickel  in 
large  quantities;  (3)  small  grains  of  native  metal  containing  the  same  Ingre- 
dients, supposed  to  be  schrelbersite. 
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"This  meteoric  material  is  mixed  with  the  usual  filling  material  of  the  crater, 
the  crushed  debris  of  the  strata  penetrated.  In  the  proportion  of  from  a  trace 
to  3  per  cent 

"Three  of  the  bore  holes  have  been  barren  of  meteoric  material. 

**Three  of  the  holes  have  penetrated  the  underlying  red  beds  at  depths  re- 
spectively of  830,  8e0,  and  870  feet 

"Fourteen  of  the  holes  have  certainly,  and  the  remaining  two  probably,  pene- 
trated sandstone  apparently  in  place  and  almost  or  entirely  unaffected  by  the 
shock  of  the  impact  which  produced  the  crater. 

"No  evidence  of  volcanic  activity  or  hot-spring  action  whatever  has  been 
observed  in  any  of  the  material  penetrated  by  any  of  the  holes. 

"All  depths  as  given  above  are  below  the  floor  of  the  crater,  which  is  itself 
about  440  feet  helow  the  level  of  the  surrounding  plain." 


The  uncrushed  sandstone  which  was  pierced  hy  the  drilling,  as  noted 
above,  has  been  described  as  follows  in  a  recent  letter  from  Mr  Holsinger : 

.  .  .  "as  we  commenced  drilling  in  the  flat  northeast  of  the  shaft  house 
we  encountered  sandstone,  solid  rock,  at  about  IGO  to  200  feet  We  have  from 
250  to  400  feet  of  this,  and  then  break  through  into  finely  crushed  sandstone 
mixed  with  meteoric  material.  A  great  slide  of  rock  seems  to  have  fallen  back 
into  the  hole.  ...  I  have  secured  many  cores  from  this  slide,  showing  that 
It  is  unaltered  sandstone  dipping  at  an  angle  of  about  40  degrees.  This  slide 
covers  4  or  5  acres  that  we  have  now  explored,  and  possibly  much  more." 

The  following  articles  have  been  published  during  the  present  year. 

George  P.  Merrill :  On  a  peculiar  form  of  metamorphlsm  In  siliceous  sand- 
stone.    Proc.  U.  S.  Nat  Mus.,  vol.  32,  p.  547. 

George  P.  Merrill  and  Wirt  Tassln :  Contributions  to  the  study  of  the  Canyon 
Diablo  meteorites.     Smith.  Misc.  Coll.,  vol.  50,  September  12,  1907,  pp.  203-214. 

F.  N.  Guild :  Coon  Mountain  crater.     Science,  vol.  20,  July  5,  1907,  pp.  24-25. 

These  papers  develop  no  facts  in  opposition  to  the  meteoric  theoiy  of 
the  crater  genesis.  The  last  mentioned  article  admits  the  absence  of  any 
visible  proofs  of  volcanism,  and  fails  to  note  the  many  facts  which 
support  the  meteoric  hypothesis. 
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Introduction 

While  in  the  central  United  States  and  in  Europe  the  existence  of  sev- 
eral distinct  stages  of  Pleistocene  glaciation  separated  by  interglacial 
stages  has  long  been  recognized,  there  has  been  until  recently  a  prevailing 
belief  among  geologists  that  New  England  was  unlike  the  other  northern 
states,  and  that  it  was  subjected  to  but  one  ice  advance  and  retreat,  which 
has  commonly  been  correlated  with  the  Wisconsin  glaciation  of  the  Missis- 
sippi valley. 

The  first  suggestion  of  the  possible  complexity  of  the  Glacial  period 
came  in  1889,*  when  Shaler  published  the  probability  that  southern  New 
England  at  least  has  been  subjected  to  two  ice-advances,  separated  by  a 
retreat  of  considerable  duration.  His  conclusions  were  based  on  the 
relations  of  glacial  and  interglacial  beds  at  Marthas  Vineyard  and  Nan- 
tucket. In  1896  W^oodworthf  published  a  description  of  the  clays  of 
southeastern  Massachusetts,  in  which  he  recognized  three  glacial  stages 
in  southern  New  England  and  postulated  interglacial  stages  of  consider- 
able duration  at  least  as  far  north  as  Boston. 

In  1905  Fuller  continued  the  correlations  previously  established  on 
Long  island,  New  York,  along  the  shores  of  cape  Cod,  in  eastern  ^fassa- 
chiisetts,  and  nearly  as  far  north  as  Boston. J 

The  present  paper  is  an  account  of  scattering  observations  in  north- 
eastern Massachusetts,  southeastern  ^qw  Hampshire,  and  southern  Maine 
])ointing  to  a  similar  succession  of  invasion  and  drifts  in  that  part  of  New 
England. 

Litekatukk  c'onceumxg  Evidkxcks  of  glacial  Complexity 

From  time  to  time  during  the  past  50  years,  and  especially  during  the 
past  10  years,  papers  have  appeared  by  various  writers  describing  appar- 
ently old  till  underlying  stratified  and  sometimes  fossiliferous  deposits  in 
that  portion  of  New  England  situated  northeast  of  Boston.  IMost  writers 
b(»lieved,  however,  that  the  occurrences  noted  were  due  merelv  to  brief 
local  retreats  and  advances  of  the  ice-sheet,  and  not  to  any  definite  inter- 
glacial stage. 

The  earliest  reference  to  interglacial  beds  appears  to  be  that  of  Stimp- 
son,  who  in  1854§  enumerated  14  species  of  fossils  found  in  a  bed  of 


•  N.  8.  Shaler :  The  geology  of  Nantucket.     BuU.  no.  53,  U.  S.  Geological  Survey. 

t  J.  B.  Woodworth  :  The  glacial  1)iick  clays  of  Rhode  Island  and  southeastern  Massa- 
chusetts. Geology  and  geography  of  the  clays.  Seventeenth  Ann.  Kept.  U.  S.  Geological 
Survey,  part  1,  pp.  975-988. 

t  M.  L.  Fuller :  Bull.  no.  285,  II.  S.  Geological  Survey,  1906,  pp.  432-4.13  ;  and  "Gla- 
cial stages  in  southeastern  New  England  and  vicinity."  Science,  new  series,  vol.  zxlv, 
1906.   pp.  467-469. 

S  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  iv,  pp.  9-10. 
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FiauBi  1. — Sketch  Map  of  New  England, 
Stiowing  region  described  In  this  paper  with  principal  cities  and  rlTem. 
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stratified  clay  underlying  a  drumlin  at  point  Shirley,  Winthrop,  near 
Boston,  Massachusetts.  In  1866  Shaler*  described  fossiliferous  deposits 
overlain  by  till  at  Gloucester,  Massachusetts.  In  1869  Nilesf  noted  the 
occurrence  of  Pleistocene  fossils  in  clay  obtained  near  the  bottom  of  a 
well  100  feet  deep,  at  Fort  Warren,  Boston  harbor,  below  100  feet  of 
drumlin  till. 

The  first  and  only  mention  of  interglacial  soils  was  the  description  of  a 
peat  bed  underlying  20  feet  of  boulder-clay  on  river  of  Inhabitants,  Cape 
Breton.J  The  same  occurrence  was  noted§  in  1878,  and  gravel  under- 
lying till  at  Saint  John,  New  Brunswick,  was  also  mentioned.  In  the 
same  year  Hitchcock  described  fossiliferous  clays  lying  between  two  tills 
at  Portland,  Maine,  ||  and  published  sections  showing  evidence  of  double 
glaciation  at  Tuftonborough,  Wolfeborough,  New  London,  New  Ipswich, 
Wilton,  Kensington,  and  Whitefield,  New  Hampshire.^  In  a  chapter  of 
the  same  report  Upham  described  till  resting  on  stratified  clay  and  sand 
in  the  vicinity  of  lake  Winnipiseogee,  New  Hampshire.** 

Ten  years  later  the  occurrence  of  several  species  of  Pleistocene  fossils 
in  sand  and  clay  below  the  drumlin  of  Great  Head,  Winthrop,  Massachu- 
setts, was  noted  by  Dodge,  ft  This  was  near  the  locality  noted  by  Stimp- 
son  in  1864.  The  occurrence  of  fossil  shells  of  living  species  and  the  evi- 
dence of  warm  climate  during  their  life  in  the  drumlins  of  Boston  harbor, 
now  well  known,  was  first  published  by  Upham  in  1888.t  J  The  next  year 
Shaler  described  several  occurrences  of  blue  clay  underlying  till  on 
Mount  Desert  island,  Maine,§§  and  Upham,  in  his  "Structure  of  drum- 
lins,^' described  a  number  of  instances  of  stratified  sand  and  gravel  under- 
lying drumlins  in  the  vicinity  of  Boston.  ||||  In  1890  Chalmers  described 
stratified  clay  below  till  at  Nogrotown  point,  New  Brunswick,^!!  and  in 
1893  he  described  this  occurrence  more  fully.*** 

The  occurrence  of  fossils  in  the  drumlins  of  Boston  harbor,  first  de- 


*  Notes  on  the  position  and  character  of  some  glacial  beds  containing  fossils  at  Glou- 
cester, Massachusetts.     Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xl,  pp.  27-30. 
t  W.  H.  Nlles :  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xll,  pp.  244,  364. 
t  J.  W.  Dawson :  Canadian  Naturalist,  second  series,  vol.  vl,  1872,  p.  178. 
f  Supplement  to  the  second  edition  of  Acadian  Geology,  pp.  27-28. 
H  C.  H.  Hitchcock  :  Geology  of  New  Hampshire,  vol.  ill,  pp.  279-282. 

I  Op.  clt.,  pp.  290,  811. 
••  Op.  clt.,  pp.  131-138. 

tt  W.  W.  Dodge:  Am.  Jour.  Scl.,  third  series,  vol.  zzxvl,  1888,  pp.  56-57. 
tt  Warren  Upham  :  Marine  shells  and  the  fragments  of  shells  In  the  till  near  Boston. 
Proc.  Boston  Soc.  Nat.  Hist,  vol.  xxiv,  pp.  127-141. 

II  Eighth  Ann.  Rept.  U.  S.  Geological  Survey,  pp.  998-999. 
nil  Proc  Boston  Soc.  Nat.  Hist.,  vol.  xxiv,  1889,  p.  237. 

H^  Robert  Chalmers :  Report  on  the  surface  geology  of  southern  New  Bmnswiclr.     Geol. 
and  Nat.  Hist.  Survey  of  Canada,  Report  N,  p.  24. 

*** Height  of  the  Bay  of  Fundy  coast  in  the  Glacial  period  relative  to  sealevel,  as  evi- 
denced by  marine  fossils  In  the  boulder-clay  at  Saint  John,  New  Brunswick.  Bull.  Geol. 
Soc.  Am.,  vol.  4,  pi^.  361-870. 
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scribed  by  Upham,  was  best  set  forth  by  Crosby  and  Ballard  in  1894.* 
In  1896,  in  connection  with  a  discussion  of  the  "Glacial  brick  clays  of 
Rhode  Island  and  southeastern  Massachusetts/'  Woodworth  described  the 
^*(ieology  and  geography  of  the  clays,''f  in  which  he  postulated  three 
glacial  stages  separated  by  interglacial  stages.  In  the  same  report  Mar- 
but  and  Woodworth  described  "The  clays  about  Boston''  and  published 
many  sections  and  other  evidences  of  till  overlying  the  clays.  J 

An  account  of  the  geology  of  the  Cape  Cod  district  was  given  by  Shaler 
in  1898,§  in  wliicli  lie  foHowed  Woodworth  in  his  general  outline  of  Pleis- 
tocene succession  and  described  many  occurrences  of  folded  sands  and 
clays,  till  overlying  clays  and  sands,  and  other  evidences  of  glacial  com- 
plexity. 

In  1899  Stone,  in  his  "Glacial  gravels  of  Maine  and  their  associated 
deposits,"  gave  a  number  of  evidences  of  probable  pre-Wisconsin  dep<")sit^, 
but  did  not  interpret  the  phenomena  in  this  way.|| 

While  several  observers  had  described  differences  in  the  tills  of  New 
England  which  in  the  light  of  our  present  knowledge  would  seem  to  indi- 
cate differences  in  age,  up  to  1901  all  geologists  except  Woodworth  had 
assumed  tliem  to  simply  represent  stages  of  a  single  invasion,  the  Wis<on- 
sin.  In  that  year,  however,  Fuller,^  in  discussing  the  region  in  tlie 
vicinity  of  Brockton  and  Stoughton,  a  short  distance  south  of  Boston, 
pointed  out  the  existence  of  two  distinct  tills  characterized  by  marked 
differences  in  composition  and  weathering,  which  he  definitely  statid 
were  the  representatives  not  of  a  single  glacial  epoch,  as  had  previously 
been  assumed,  but  of  two  widely  separated  epochs,  the  Wisconsin  and  tlio 
Kansan  or  pre-Kansan.  Examples  of  deep  weathering  and  disintegra- 
tion of  rock  ledges  between  the  two  epochs  were  also  described. 

Continuing  along  the  lines  of  investigation  begun  by  Woodworth, 
Brown,  in  1902,**  described  a  number  of  cases  of  till  overlying  sand  and 
clay  in  Everett,  Chelsea,  and  Ke^ere,  near  Boston. 

In  1903  the  term  "interglacial"  was  questionably  applied  by  Tarr  to 
some  fossiliferous  beds  at  cape  Ann,f  f  not  far  from  the  locality  describ<'«! 
by  Shaler  40  years  before. 


•  VV.  O.  Crosby  and   IlettJe  O.  Ballard  :  Am.  Jour.  Scl.,   third  scries,  vol.  xlvlli.  pp 
486-496. 

t  Seventeenth  Ann.  Kept.  V.  S.  Geoloplcal  Survey,  part  1,  pp.  075-988. 

t  Op.  cit.,  pp.  989-1004. 

i  Eighteenth  Ann.  Rept.  IJ.  S.  (JeoloRJcal  Survey,  part  II,  1898,  pp.  503-593. 

II  Geo.  H.  Stone:  Monograph  34,  IT.  S.  (ieologlcal  Survey,  1899. 

1  M.  L.  Fuller:  Probable  representatives  of  pre- Wisconsin  till  in  southeastern  Mas"?* 
chusetts.     Journal  of  Geology,  vol.  9,  pp.  311-329. 

••R.  M.  Brown:  The  clays  of  the  Boston  basin.     Am.  Jour.   Sci.,  fourth  aeries,  vol. 
xiv,  pp.  445-450. 

tt  R.  S.  Tarr:  Postglaciaf  and  interglacial   (?)   changes  of  level  at  Cape  Ann,  Mass* 
chusetts.     Bull.  Ilarv.  Coll.  Mus.  Comp.  Zool..  vol.  zlil,  pp.  181-191. 
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Crosby,  in  his  Report  to  the  committee  on  the  Charles  River  dam,* 
notes  a  number  of  cases  of  sands  and  clays  locally  interstratified  with  till. 
Several  sections  in  which  till  overlies  fossiliferous  and  other  clays  in 
northeastern  Massachusetts  were  given  by  Searsf  in  the  "Geology  of 
Essex  county,  Massachusetts."  The  latest  contribution  is  by  Fuller, J 
who  in  1906  not  only  again  correlates  the  earliest  tills  of  the  Brockton 
region  with  the  pre-Kansan,  but  refers  the  drumlins  about  Boston,  with 
few,  if  any,  exceptions,  to  the  lllinoisan,  assigning  only  the  thin,  loose, 
and  relatively  unoxidized  surface  tills  to  the  Wisconsin. 

Although  tlie  number  of  references  to  phenomena  indicative  of  more 
than  one  glacial  stage  in  northeastern  New  England  is  large,  there  has 
been  no  attempt,  except  by  Woodworth  and  Fuller,  to  correlate  tlie  de- 
posits, or  even  to  formulate  conclusions,  most  writers  adhering  steadfastly 
to  the  belief  that  the  phenomena  were  caused  simply  by  local  retreats  and 
advances  of  the  Wisconsin  ice-sheet. 
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Results 

The  writer  is  of  the  opinion  that  many  of  the  phenomena  observed  can 
be  explained  in  but  one  way — by  the  invasion  of  New  England  by  at  least 
three  ice-shdots,  separated  by  time  intervals  of  long  duration.  On  account 
of  the  greater  thickness  of  the  drift  and  because  of  fewer  exposures,  due 

•  A  study  of  the  geology  of  the  Charles  River  estuary  and  the  formation  of  Boston 
harbor,  in  "Report  of  the  committee  on  the  Charles  River  dam."  Boston,  1908,  pp. 
345-369. 

t  J.  H.  Sears :  Salem,  Massachusetts,  1906,  pp.  367  et  seg. 

I  M.  Lb  Fuller:  Science,  new  series,  vol.  24,  pp.  407-469. 
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to  the  rocky  nature  of  the  coasts  and  the  less  settled  condition  of  the 
region,  many  difBculties  are  found  in  the  solution  of  Pleistocene  problems 
that  are  not  found  farther  south.  In  northeastern  New  England  a  care- 
ful search  for  exposed  sections  is  necessary,  and  most  of  those  found  are 
poor.  The  nature  of  the  writer's  work  did  not  permit  him  to  spend 
much  time  hunting  for  exposures,  and  the  facts  here  presented  are 
therefore  but  a  small  part  of  the  evidence  which  might  be  collected  by 
systematic  field  studies  on  this  problem.  Absolute  correlations  are  not 
yet  possible,  and  such  as  are  here  presented  should  be  considered  merely 
in  the  nature  of  suggestions,  as  showing  what  appears  to  be  the  mc^t 
probable  age  of  the  various  deposits.  The  observations  thus  far  made 
and  the  conclusions  derived  from  them  are  given  with  the  hope  that  they 
may  be  of  some  assistance  to  future  investigators  along  this  line. 

Classes  op  Evidence 

The  evidences  which  indicate  the  complexity  and  succession  of  Pleisto- 
cene deposits  in  northeastern  Massachusetts,  southeastern  New  Hamp- 
shire, and  southern  Maine  are  as  follows : 

1.  The  occurrence  of  old  tills  differing  in  structure,  relations,  and  com- 
position from  the  more  common  and  superficial  types  of  till. 

2.  Evidences  for  the  differentiation  and  correlation  of  the  so-called 
"Leda  clay.'' 

3.  Differences  in  distribution  and  topography  of  the  clays. 

4.  Erosion  unconformities  representing  time  intervals. 

6.  Till  and  morainal  deposits  overlying  marine  clay  and  stratified  sand. 

6.  Folding  and  erosion  of  stratified  sand,  clay,  and  gravel  deposits 
which  must  have  been  originally  horizontal,  and  modification  of  clay  sur- 
faces by  overriding  ice. 

7.  Different  degrees  of  oxidation  and  weathering  of  the  deposits. 

8.  Buried  soil  zones. 


Pleistocene  Succession 

In  order  to  give  a  good  idea  of  the  relations  of  the  different  types  of 
deposits  described  in  the  following  pages,  a  tabulated  summary  is  here 
presented,  with  the  possible  correlations.  The  correlations  with  south- 
eastern Massachusetts  are  probably  correct,  and  those  with  the  deposits 
described  by  Fuller  and  Veatch  on  Long  island  are  probably  approxi- 
mately correct,  but  those  with  the  Mississippi  valley  are  simply  postulate*!. 
In  these  latter  correlations  the  writer  has  followed  Fuller  and  Woodworlli. 
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1)etailed  Descriptions 
erosion  of  deep  rook  valleys 

Description, — ^Borings  made  near  the  coast  in  all  the  large  valleys  en- 
tering the  Atlantic  between  New  York  and  central  Maine  have  shown 
that  the  bed-rock  floor  underlying  the  drift  is  very  irregular,  and  that 
buried  valleys  extend  inland  often  for  many  miles,  and  some  of  them  bear 
little  relation  to  the  direction  and  distribution  of  the  present  streams. 

The  buried  gorge  of  Hudson  river  at  New  York  is  known  to  be  at  least 
300  feet  deep  below  the  present  sealevel,*  and  its  course  has  been  traced 
over  100  miles  out  to  sea  in  the  form  of  a  deep  canyon-like  gorge  several 
thousand  feet  deep.f  Eecent  borings  by  the  New  York  commission  on 
additional  water  supply  in  the  Hudson  river  near  West  Point  are  reported 
by  the  engineers  to  show  that  the  valley  floor  at  that  place  is  450  feet  or 
more  deep  below  tide. 

Numerous  wells  and  borings  simk  at  Boston  have  shown  that  the  bed- 
roc*k  floor  of  the  ancient  rivers  at  that  city  lies  200  to  400  feet  in  maxi- 
mum depth  below  the  present  sealevel.J  Wells  of  the  Amesbury  water 
works,  situated  on  the  banks  of  Merrimac  river  6  miles  from  its  mouth, 
strike  rock  at  100  feet  below  sealevel,  and  the  wells  of  the  Salisbury  Beach 
water  works  go  nearly  to  that  depth  without  striking  rock.  Across  Fore 
river,  between  Portland  and  South  Portland,  Maine,  a  line  of  borings  has 
been  made  which  shows  a  bed-rock  valley  110  feet  in  maximum  depth 
below  tide.  Test  borings  made  for  the  Brunswick-Topsham  water  district 
on  the  banks  of  Androscoggin  river  at  Brunswick  struck  rock  at  155  feet. 

Age  of  erosion. — It  is  commonly  supposed  that  these  old  gorges  were 
eroded  during  the  continental  elevation  immediately  preceding  the  first 
recorded  ice  invasion,  but  in  most  of  them  there  is  no  known  reason  why 
the  erosion  may  not  date  from  the  Aftonian  or  even  the  Yarmouth  inter- 
glacial  stage.  According  to  Fuller,  the  evidence  on  Long  island  indicates 
that  the  main  erosion  of  the  Hudson  Eiver  channel  was  subsequent 
to  the  deposition  of  the  Manetto  gravels  (page  616),  and  in  all  proba- 
bility antedated,  in  part  at  least,  the  deposition  of  the  Kansan  materials 
there ;  hence  the  principal  work  of  erosion  was  presumably  Aftonian.  In 
all  the  valleys  the  erosion  far  antedates  the  Montauk  or  principal  stage  of 

•  W.  H.  HobbB :  The  configuration  of  the  rock  floor  of  Greater  New  York.  Bull.  no. 
270,  U.  8.  Geological  Survey,  1905,  p.  41. 

t  J.  W.  Spencer :  Submarine  great  canyon  of  the  Hudson  river.  American  Geologist, 
vol.  xxzlv,  1904,  pp.  292-293. 

t  F.  G.  Clapp :  Geological  history  of  the  Charles  river.  Technology  Quarterly,  vol. 
x1t»  1901,  pp.  171-201 ;  American  Geologist,  vol.  xxlx,  1902,  pp.  218-233. 

W.  O.  Crosby:  Report  of  Ibe  committee  on  the  Charles  River  dam,  Boston,  1903,  pp. 
S45-369,  and  earlier  papers. 
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glaciation  (see  page  524),  and  the  fact,  recorded  elsewhere,  that  a  marked 
continental  elevation  took  place  in  pre-Kansan  time  indicates  that  sonio 
of  tlie  valleys  pro])ably  date  back  to  the  close  of  the  Tertiary  period. 

OLD  TILLS 

General  statement. — In  the  year  1905  certain  deposits  of  till  in  Brock- 
ton and  Stoiighton,  ^lassachusetts,  were  described.*  The  deposits  were 
found  in  excavations  underneath  the  ordinary  surface  till  of  the  region, 
were  very  different  in  character  from  the  surface  till,  and  were  definitely 
assigned  to  Kansan  or  pre-Kansan  age. 

In  1899  Stone  described  several  feet  of  a  'liard,  tough  clayey  till  that 
resisted  erosion  wonderfully,  and  broke  up  into  blocks  2  or  3  feet  in  diam- 
eter^'  on  Penobscot  river,  at  the  mouth  of  South  Twin  lake,  in  central 
Maine,  t  "Above  this  was  a  lighter-colored  and  less  compact  till  forming 
a  north-soutli  ridge  or  elevated  drumlin."  Stone  discussed  the  possibility 
of  the  lower  of  these  two  deposits  being  an  old  till,  but  for  some  reason 
decided  that  it  was  only  a  phase  of  the  Wisconsin. 

With  these  two  exceptions,  no  descriptions  of  old  tills  in  New  England 
are  known  to  have  been  published.  The  present  writer  has  not  seen  these, 
but  has  noted  a  number  of  similar  exposures  of  till  which  can  hardly  be 
explained  except  on  the  supposition  that  they  are  very  old. 

Exposure  at  South  Norridgewock,  Maine. — On  the  road  leading  down 
to  Kennebec  river  from  the  village  of  South  Norridgewock  there  is  an 
8-foot  section  of  "old-looking^^  till,  oxidized  very  yellow  and  brown  from 
top  to  bottom.  For  a  foot  or  two  at  the  top  the  material  is  ordinarv 
till  composed  of  moderately  fresh  and  polished  pebbles,  mostly  of  foreign 
origin.  The  rest  of  the  section  is  nearly  as  hard  as  rock,  standing  per- 
pendicular and  being  very  firm  and  tough.  It  consists  largely  of  pebbles 
less  than  a  foot  in  diameter,  and  most  of  the  fragments  are  dark  sandy 
slate,  but  some  are  quartzite.  Many  are  angular,  but  some  are  well 
rounded.  A  few  are  striated.  The  till  is  very  clayey  and  the  clay  stick? 
firmly  to  the  pebbles.  The  mass  is  somewhat  iron-stained  and  the  iron 
takes  some  part  in  the  process  of  cementing.  So  far  as  could  be  deter- 
mined from  a  brief  examination,  the  deposit  does  not  contain  any  granite 
pebbles.  The  relation  to  other  deposits  than  the  superficial  till  could  nc^t 
be  determined. 

Section  at  South  Lawrence,  Massachusetts. — A  cut  exposed  in  1906 
along  the  Boston  and  Maine  railroad  at  South  LawTcnce,  Massachusetts, 
showed  the  section  illustrated  in  figure  2. 


•  M.  L.  FuUer :  Journal  of  Geology,  vol.  Ix,  pp.  311-329. 
t  Monograph  no.  34,  U.  S.  Geological  Survey,  p.  286. 
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The  bed-rock  at  this  place  is  a  nietamorphie  schiet,  on  which  rests  4  to 
12  feet  of  a  hard,  ranch  oxidized,  bright  yellow  till,  made  up  largely 
of  the  underlying  schist,  but  containing  some  foreign  pebbles.  Overlying 
it  are  1  to  5  feet  of  a  somewhat  oxidized  till  containing  numerous  foreign 
pebbles.  Above  these  tills  is  a  stratum  of  2  to  5  feet  of  fine  white  sand 
which  has  been  considerably  contorted,  evidently  by  the  weight  of  over- 
lying ice,  which  deposited  1  to  6  feet  of  clayey  and  bouldery  till  which 
forms  tlie  surface.  The  surface  deposit  is  oxidized  for  about  3  feet  at 
the  top. 

The  lowermost  drift  deposit  in  this  section  has  the  appearance  of  a 
very  old  till,  its  difference  in  character,  its  high  degree  of  oxidation,  and 
its  position  indicating  that  it  was  not  deposited  by  any  slight  oscillation 
of  the  Wisconsin  ice  front.  The  same  beds  were  seen  in  a  cellar  e.^eava- 
tion  near  by. 


FiauBi  2.—Saction  in  Railroad  Cut  at  South  Laarence,  MatiachatelU. 

SbowlDg   d«po8lt>   of  old    tin.      A,    bed-rock:    B,    bard,    mucb   oildlied    till,    made    up 

largelj  of  underljlag  schlHt ;  C.  someirbat  oxidized  till  conlalnlDK  maay  lorelsu  pebbles : 

D.  nne  wblte  saud.  with  coDtorled  etratlflcatlao  ;  E,  clarejr,  bouldery  till,  oxidized  about 

(wo  feet  at  the  top. 

Exposures  at  Portland,  Maine. — In  a  sand  pit  one-fourth  of  a  mile 
north  of  Union  station,  Portland,  there  are  extensive  exposures  of  sand 
and  gravel  overlain  hy  clay.  At  one  point  here  a  peculiar  feature  was 
exposed  in  June,  1906.  This  is  illustrated  in  figure  3.  The  hard,  com- 
pact, light  gray  to  dark  brown,  blocky  clay  rested  on  an  unconformity, 
below  which  was  3  feet  or  more  of  a  horizontally  stratified  glacial  sand- 
stone containing  a  few  boulders,  mostly  of  similar  material,  up  to  2  feet 
in  diameter.  The  sandstone  was  very  solid  and  resistant,  cemented  by 
iron  oxide.  Below  this  occurred  3  feet  of  stratified  sand  and  fine  gravel, 
oxidized  very  yellow  and  resembling  certain  yellow  sands  seen  in  connec- 
tion with  pre-Montauk  drift  underneath  druralins  at  Scituate  and  Ply- 
mouth, Jraasachusetts.  The  pebbles  in  this  bed  were  much  decomposed 
by  weathering,  only  those  composed  of  quartzite  remaining  solid.  The 
only  granite  pebble  that  could  he  found  was  9  inches  in  diameter  and  was 
stained  to  the  center.  The  weathering  and  erosion  of  tlio  sands  before 
the  deposition  of  the  clay  indicate  an  intervening  elevation  of  some  dura- 
tion. A  thorough  search  was  made  for  another  and  better  exposure  of 
the  deposit,  but  none  could  be  found. 
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Other  exposures. — Several  expoeures  which  resemhle  old  till  were  ob- 
senred  in  the  southern  part  of  Gardiner,  the  southern  part  of  York,  and 
on  Mount  Desert  island,  Maine;  at  Newton,  New  Hampshire;  and  near 
Canton  Junction,  Haverhill,  and  under  North  Eidge  at  Ipswich,  Mas>a- 
chusetts,  and  elsewhere.  In  the  towns  of  Paris  and  Bumford,  Maine,  a 
number  of  road  exposures  of  a  hard,  compact  type  of  till  were  seen,  which 
is  very  dark  in  color  and  of  a  shaly  texture,  unlike  till  seen  anywhere 
else  in  Maine.  In  some  exposures  it  is  possible  that  the  high  colors  and 
old  appearance  may  be  due  to  staining  by  iron;  in  others  this  is  dearly 
not  the  case.  Nearly  all  these  tills  occur  in  depressions  in  the  Ijed-rcxk 
where  they  have  evidently  been  protected  from  erosion.  The  Norridge- 
wock  and  Portland  exposures  are  exceptions  to  this  statement. 


•i» 


•A 


^m 


PionsB  3. — Section  of  Oravel  Pit  at  Portland,  Maine, 

Snowing  e^ldenceB  of  probable  old  drift.  A,  horixon tally  stratified  sand,  alFected  br 
weatberlng ;  B,  sandstone,  contain  a  few  boulders;  C,  bard,  nnweatheied  clay,  resting 
onconformably  on  B. 

(.Correlations. — These  old  deposits  may  not  all  be  of  identical  age,  and 
no  data  are  at  hand  by  which  to  judge  of  their  exact  age.  They  are  prob- 
ably as  old  as  the  Manetto  gravels  of  Long  Island*  and  the  Kansan  or  pre- 
Kansan  till  of  the  middle  West.  These  tills  are  distinguished  from  the 
next  more  recent  till  (Montauk)  by  the  following  characteristics: 

1.  By  the  greater  abundance  of  pebbles  of  the  underlying  bed-rock  than 
of  rock  from  a  distance. 

2.  By  the  greater  abundance  of  pebbles  of  rock  not  easily  decomposed 
(that  is,  slate  and  quartzite)  and  the  absence  of  decomposable  pebbles. 

3.  By  their  deeper  oxidation  and  brighter  colors. 

4.  By  their  occurrence  underneath  more  recent  till. 


*  M.  L.  Fuller :  Geology  of  Fishers  Island,  New  York.     Bull.  Oeol.  Soc.  Abl,  toI.  ft, 
1906.  pp.  373-376. 
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6.  By  their  occurrence  on  the  immediate  surfaces  of  the  pre-Qlacial 
bed-rock  and  usually  occupying  depressions  in  it. 

UNCONFORMITY  SUCCEEDING  DEPOSITION  OF  OLD  TILLB 

The  old  tills  are  found  only  locally,  indicating  that  they  were  exten- 
sively eroded  before  the  deposition  of  the  overlying  drifts.  The  stage  of 
erosion  must  have  been  a  long  one,  and  created  a  great  gap  in  the  Pleisto- 
cene record,  about  which  nothing  is  known,  as  no  contact  has  been  found 
between  the  tills  and  the  next  succeeding  deposits.  If  the  old  till  is  of 
pre-Kansan  age,  the  erosion  may  have  extended  from  the  Aftonian  to  the 
Yarmouth  stage.  If  the  till  corresponds  to  the  Kansan,  the  erosion 
came  in  Yarmouth  time.  It  is  possible  that  this  stage  of  unconformity 
was  the  time  during  which  some  of  the  deep  river  gorges  of  the  New 
England  coast  were  eroded.  As  stated  on  page  513,  the  principal  erosion 
of  the  Hudson  valley  presumably  took  place  at  this  time. 

GARDINER  CLAY 

Oeneral  statement. — ^With  the  exception  of  the  ancient  tills,  the  oldest 
deposit  recognized  north  of  Boston  consists  of  stratified  clay  exposed 
underljring  the  drumlins  at  Winthrop,  Massachusetts,  and  described  by 
Stimpson  in  1864.*  In  the  blue  clay  at  that  locality  14  species  of  fosses 
were  found  and  are  listed  in  column  4  of  the  table  (page  520). 

Dodge,  in  1888,  found  strata  of  sand  and  clay  outcropping  below  Great 
head  in  the  same  town,  and  collected  the  species  of  fossils  noted  in  column 
5.  TJpham,  in  the  same  year,  found  fossils  in  a  stratum  of  blue  clay 
under  Qrovers  cliff,  in  the  same  town,  and  this  exposure  was  seen  and 
verified  by  the  present  writer  in  1905. 

Relations  and  correlations. — In  none  of  the  three  cases  noted  above 
can  the  base  of  the  clay  be  seen.  In  all  three  cases  the  stratified  deposits 
are  overlain  by  the  hard  boulder-clay  of  the  drumlins,  rising  to  heights 
of  over  50  feet  above  tide.  The  clav  found  below  the  drumlins  is  be- 
lieved  to  be  of  the  same  age  as  the  Gardiner  clay  described  by  Fuller,! 
and  to  date  from  the  "Sankaty"  sub-epoch  of  Woodworth.t 

Distinction  from  other  clays, — This  clay  is  distinguished  from  Tertiary 
clay  by  its  color,  by  its  general  appearance,  and  by  its  fossils.  It  is  dis- 
tinguished from  more  recent  clays  by  being  overlain  by  drumlin  till 
(Montauk).  The  fact  that  the  till  of  the  drumlins  in  Boston  harbor 
contains  large  numbers  of  fossil  shellsg  of  the  same  and  similar  species 


•  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  !v,  pp.  9-10. 

t  Bull.  Geol.  Soc.  Am.,  vol.  16,  1905,  pp.  376-378 ;  Bull.  no.  285,  U.  S.  Geological  Sur- 
vey, 1906,  p.  433. 

%  Seventeenth  Ann.  Rept.  U.  S.  Geological  Survey,  1806,  p.  966. 

I  Upham :  rroc.  Boston  Soc.  Nat.  Illst,  vol.  xxlv,  1888,  pp.  127-141. 
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to  those  found,  in  the  Gardiner  clay  indicates  that  they  were  scooped  up 
with  their  clayey  matrix  from  a  deposit  of  Gardiner  clay  which  in  pre- 
Montauk  time  was  more  extensive  in  Boston  harbor  than  at  present.  In 
a  few  cases  masses  of  Gardiner  clay  several  inches  in  size  have  been  found 
incorporated  in  the  drumlins. 

Evidence  afforded  by  fossils. — At  the  beginning  of  this  investigation 
it  was  not  supposed  that  fossils  would  afford  any  evidence  for  correlation 
or  distinction  between  formations  within  the  New  England  Pleistocene, 
In  order  to  get  togetlier  all  classes  of  material  which  might  be  of  value, 
however,  the  various  papers  referring  to  the  Pleistocene  geology  of  this 
part  of  New  England  were  consulted  and  the  lists  of  fossils  tabulated. 
To  bring  the  names  of  the  species  up  to  date,  the  lists  were  referred  to 
Doctor  W.  11.  Dall,  of  the  U.  S.  Geological  Survey,  with  the  request  that 
he  correct  the  names  of  the  species  in  cases  where  the  usage  has  changeil 
since  the  time  the  respective  papers  were  published.  The  writer  is  in- 
debted to  Doctor  Dall  for  making  the  corrections  and  putting  the  spe- 
cific names  in  such  form  that  the  lists  could  be  revised  and  the  species 
arranged  in  alphabetical  order  in  the  table.  The  writer  alone  is  respon- 
sible, however,  for  the  arrangement  and  the  attempts  at  correlation.  The 
table  is  on  pages  520-523. 

^  When  the  table  was  completed  there  was  seen  to  be  a  striking  contrast 
between  the  first  six  columns  and  the  other  columns  in  species  enumer- 
ated. Of  the  20  species  found  in  and  near  Boston  harbor  (columns 
2-6),  only  8  were  found  to  occur  north  of  Winthrop.  Of  these  8,  only 
2,  namely,  Mya  arenaria  and  Mytilus  edulis,  are  found  in  more  than  one 
locality  elsewhere,  and  these  2  are  found  in  9  and  7  other  localities 
respectively. 

A  still  greater  contrast  is  found  between  the  species  from  Lynn,  Dau- 
vers,  and  Gloucester,  Massachusetts,  and  those  from  Bost(m  harl)or.  Of 
the  IT  species  from  those  throe  localities,  within  10  to  20  miles  north  of 
Boston,  not  a  single  species  is  found  in  any  of  the  Boston  Harbor  local- 
ities. Two  of  the  species  enumerated  in  the  table,  namely,  VenericarJia 
borealis  and  Venus  mercenaria,  are  found  in  all  five  of  the  Boston  locali- 
ties, but  are  not  found  elsewhere. 

In  order  to  compare  the  conditions  south  of  Boston  with  this  discrep- 
ancy, the  species  from  the  Gardiner  clay  on  Gardiners  island,  New  York 
(column  1),  were  compared  with  those  at  Boston.  Of  the  8  specie^? 
enumerated  from  Gardiners  island,  4  were  found  near  Boston,  and  only  2, 
Chrysodomus  decemcostatus  and  Thracia  conradi,  occur  north  of  Boston. 
These  are  found  only  at  Portland  and  Biddeford  respectively. 


STRATIFIED  SAND  AND  GRAVEL  519 

If  any  correlation  by  fossils  were  possible,  it  would  seem,  on  the  basis 
of  these  comparisons,  that  the  clays  found  beneath  the  Winthrop  drum- 
lins  and  those  incorporated  in  the  drumlins  of  Boston  harbor  were  of 
different  age  from  the  clays  at  Lynn,  Danvers,  and  at  other  points  north 
of  Boston,  and  that  those  at  Lynn  and  Danvers  might  be  the  same  as 
those  on  the  coast  of  Maine.  Packard*  describes  the  geographic  range 
of  the  various  species,  and  states  that  the  difference  between  the  fauna 
north  and  soutli  of  cape  Ann  is  due  to  the  difference  in  climate  at  the 
time  the  clays  were  deposited,  and  assumes  that  the  marine  clays  are  all 
of  the  same  age.  On  the  basis  of  stratigraphic  evidence  this  does  not 
seem  to  be  true.  Moreover,  the  change  in  species  is  not  at  cape  Ann,  l)ut 
between  Boston  and  Lynn,  and  between  these  two  localities  there  was  no 
barrier  nor  other  geographic  feature  sufficient  to  separate  a  temperate 
from  an  arctic  fauna.  Hence  the  conclusion  that  the  clays  north  and 
south  of  Lynn  are  of  different  age  seems  well  substantiated,  the  former, 
as  will  be  shown  in  a  subsequent  section,  being  younger  than  the  drumlin 
till,  while  the  latter  are  older. 

The  data  do  not  enable  us  to  distinguish  between  the  two  clays  on  the 
Maine  coast,  nor  do  they  throw  any  light  on  the  age  of  the  Cambridge 
and  Revere  clavs,  as  these  latter  do  not  contain  fossils. 

BT RATIFIED  SAND  AND  GRAVEL 

Although  clay  of  Gardiner  age  north  of  Boston  is  exposed  only  at 
Winthrop,  one  case  has  been  observed  where  stratified  sand  and  gravel 
underlie  a  drumlin.  This  was  at  Little  Boars  head,  New  Hampshire, 
wliich  is  a  drumlin-like  hill,  on  the  seaward  face  of  which  the  following 
section  was  seen : 

Section  at  Little  Boars  Hcad^  New  Hampshire 

Feet 
C.   Sandy  and  bonldery  till,  Wisconsin 1  to    8 

B.   Hard  vertical  till,  clayey,  bouldery,  Montank JO  to  20 

A.  Patch  of  borizontully  stratified  sand  and  gravel  100  feet  long 6 

This  may  simply  be  a  case  of  local  interstratification  of  gravel  in  a 
drumlin,  or  the  deposit  may  be  analogous  to  the  Herod  gravel  which 
overlies  the  Gardiner  clay  and  underlies  the  Montauk  drift  on  Long 
island.  Considering  the  size  and  horizontal  stratification  of  the  deposit, 
the  latter  supposition  is  more  probably  the  true  one. 

•  A.  S.  Packard :  Observations  on  the  glacial  phenomena  of  Labrador  and  Maine. 
Mem.  Boston  Soc.  Nat.  Hist.,  vol.  1,  1865,  pp.  210-303. 
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PRjyClPAL  TILL  DEPOSIT  (MONTAUK) 

General  description, — The  principal  till  deposit  of  New  England  in- 
•  eludes  a  large  part  of  the  drift  which  has  hitherto  been  called  Wisconsin. 
It  is  in  most  places  a  very  hard  blue  boulder-clay  containing  many 
striated  and  angular  stones  and  boulders  which  are  in  places  many  feet 
in  diameter.  The  material  is  very  stiff,  and  when  dug  into  will  stand 
nearly  as  well  as  rock.  When  water-worn,  as  in  drumlin  sections  along 
the  shore,  it  is  eroded  into  deep  gullies,  and  the  shores  round  the  base 
of  the  section  are  strewn  with  boulders.  This  till  ranges  in  thickness 
from  a  few  feet  to  several  hundred  feet,  where  it  is  thickened  up  into 
drumlins.  The  latter  are  very  numerous  in  Massachusetts  and  New 
Hampshire.  As  a  rule,  along  the  coast  the  till  is  perceptibly  3'ellow  from 
the  effects  of  oxidation  to  a  depth  of  15  to  20  feet  from  the  surface, 
below  which  the  characteristic  unoxidized  blue-gray  till  is  found. 


/0$  ^i 


Figure  4. — Ware-cut  Section  at  Little  Boara  Head,  Vew  Hampihire. 

Showing  two  tills  and  underlying  stratified  deposit.     A.  sand  and  gravel ;  B,  hard,  verti- 
cal till,  Montauk ;  C,  sandy  and  bouldery  till,  Wisconsin. 


Relation  to  other  deposits, — ^The  principal  till  deposit  in  northeastern 
New  England  overlies  the  Gardiner-Herod  clay  and  gravel  wherever 
these  have  not  been  removed  bv  erosion.  The  till  is  overlain  nearly 
everywhere  in  the  lowlands  by  stratified  deposits  of  sands,  gravels,  and 
clays  of  Wisconsin  and  pre-Wisconsin  age.  Hence  the  till  is  believed  to 
bo  Montauk.  This  is  the  correlation  made  by  Fuller  on  liong  island  and 
cape  Cod,  and  to  him  belongs  the  credit  of  demonstrating  the  Montauk 
(possibly  Illinoisan)  age  of  the  drumlins  in  the  vicinity  of  Boston.* 

Evidence  that  this  till  is  not  WisconMn  in  age, — The  evidence  that  the 
principal  till  sheet,  hitherto  called  "Wisconsin,"  with  its  drumlins,  1k^ 
longs  in  reality  to  an  earlier  ice-invasion  is  fourfold: 

1.  It  appears  to  extend  from  Lon<r  island,  Xew  York,  w^here  its  rela- 
tions are  well  established  and  exposed,  almost  continuously  to  the  dniin- 
lins  of  Boston  harbor. 

2.  It  is  overlain  by  fossiliferous  marine  clays,  which  are  in  turn  over- 
lain by  another  till  deposit  (Wisconsin). 


•  Science,  new  series,  vol.  24,  lOOC,  pp.  467-4G9. 
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3.  It  is  far  more  deeply  oxidized  by  weathering  than  the  latest  till. 

4.  Numerous  sections  show  both  this  and  a  more  recent  overlying  till 
of  different  character  and  relatively  slight  weathering. 

1.  Tracing  from  Long  island. — On  Long  island  and  vicinity  Fuller* 
found  the  Gardiner  clay  widely  distributed  beneath  the  Montauk  drift, 
the  latter  being  overlain  by  stratified  sands  and  gravels,  and  these  in  turn 
by  Wisconsin  till.  The  Gardiner  clay  was  later  traced  from  Long  island 
along  the  south  and  north  shores  of  cape  Cod,  where  it  has  similar  rela- 
tions to  the  till.f  The  last  exposure  south  of  Boston  is  at  Indian  hill, 
Plymouth,  where  the  same  relations  hold  true.  North  of  there  the  clay 
is  either  below  sealevel  or  it  has  been  eroded,  for  at  Saquish  head,  Dux- 
bury,  and  Third  cliff,  Scituate,  the  drumlins  visibly  overlie  more  ancient 
deposits.J  These  sections  have  been  examined  by  the  writer,  and  only 
traces  of  the  clay  have  been  found  at  the  base  of  the  drumlin  till.  The 
latter  is  in  lithologic  characteristics  like  the  till  overlying  the  Gardiner 
clay  at  Indian  hill,  Plymouth ;  hence  it  would  appear  that  this  till  is  of 
Montauk  age. 

2.  Relations  to  overlying  clays. — The  Montauk  till  is  overlain  by  fos- 
siliferous  marine  clays  that  are  in  turn  overlain  by  a  younger  till.  The 
farthest  point  south  where  clay  has  been  observed  overlying  till  is  at 
Warren  cove,  Plymouth.  In  the  vicinity  of  Boston  and  in  the  region 
northeast  of  that  citv  the  localities  where  clav  can  be  seen  to  overlie  the 
principal  till  deposit  of  the  region  are  so  numerous  as  to  need  no  indi- 
vidual mention.  These  may  be  found  in  numerous  brick-yards,  wells, 
and  road  cuts.  From  Lran  northward  the  post-drumlin  clay  is  fossil- 
iferous  and  has  been  known  as  the  "Loda  clay."  In  many  places  north 
of  Boston  it  can  be  seen  to  be  overlain  by  a  still  more  recent  till  (Wiscon- 
sin), as  explained  on  pages  544-552. 

3.  Degree  of  oxidation. — While  degree  of  oxidation  is  not  absolute 
proof  of  the  age  of  any  deposit,  it  furnishes  an  indication  of  the  relative 
ages  of  deposits  of  similar  texture.  A  till  deposit  oxidized  to  the  depth 
of  10  feet  is,  other  things,  such  as  composition  and  texture,  being  equal, 
probably  much  older  than  a  similar  till  oxidized  only  2  feet.  The  same 
statement  will  hold  true  relative  to  clays  and,  to  a  more  limited  degree, 
of  sand  deposits. 

The  general  depth  of  oxidation  (surface  yellowing)  in  the  more  recent 
(Wisconsin)  till,  as  exposed  in  sections  widely  scattered  through  north- 

•  BuU.  Geol.  Soc.  Am.,  vol.  16.  1905,  pp.  367-390. 

t  Bull.  no.  285,  U.  S.  Geological  Survey,  pp.  432-441 ;  Science,  new  serlefi,  vol.  xxlv, 
1906.  pp.  467-469. 

t  I.  Bowman :  Pre-Plelatocene  deposits  at  Third  cliff,  Massachusetts.  Am.  Jour.  Scl., 
vol.  xzll.  1906,  pp.  313-326. 
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east  New  England,  is  2  to  5  feet  (pages  547-548).  The  ^lontaiik  till  in 
tlio  vicinity  of  Boston  harbor,  in  Revere,  in  the  Merrimac  valley,  and  in 
Maine  is,  however,  percej)tihly  yellowed  to  a  depth  of  15  to  20  feet  from 
the  surface,  notwithstanding  it  is  far  more  compact  and  impervious  to 
percolating  waters.  This  can  be  well  seen  in  the  fine  drumlin  sections 
in  Boston  harbor  and  vicinity.*  Another  good  place  to  observe  the 
weathering  in  this  type  of  till  is  in  a  cut  on  the  western  side  of  liong 
hill,  in  West  Newbury,  Massachusetts,  where  Merrimac  river  at  some 
recent  date  got  out  of  its  cliannel  and  cut  a  side  valley,  now  abandoned. 
The  yellowish  upper  portion  of  the  till,  here  15  feet  deep,  is  in  marked 
contrast  to  the  blue  till  below. 

4.  Sections  showing  both  this  and  a  more  recent  till  of  different  char- 
acter.— The  Montauk  type  of  till,  while  not  certainly  di8tinguishal)le 
from  the  Wisconsin  on  the  basis  of  its  lithologic  characteristics,  is  gener- 
ally of  a  different  character.  It  is  in  most  places  hard  and  tough,  con- 
tains a  larger  proportion  of  clay,  and  is  not  so  loose  and  gravelly  as  the 
Wisconsin  type.  Plate  57,  figure  2,  illustrates  the  general  nature  of 
Montauk  till,  and  figure  1  is  a  sample  view  of  the  Wisconsin  type  of  till. 

One  of  the  best  sections  showing  both  types  of  till  in  contact  is  at 
Great  Boars  head.  New  Hampshire.  This  is  a  wave-cut  section  15  to  20 
feet  in  height,  and  is  well  exposed  for  a  length  of  several  hundred  feet. 
The  upper  5  to  10  feet  is  a  confused  unstratified  deposit  of  till  consisting 
of  a  mass  of  boulders  1  to  5  feet  in  diameter,  mixed  with  some  sand. 
Underlying  the  deposit  and  separated  from  it  by  a  sharp  line  of  demarka- 
tion  is  a  very  hard,  clayey  till,  oxidized  to  a  depth  of  about  2  to  5  fet»t, 
and  containing  many  boulders  as  much  as  2  feet  in  diameter.  The  lower 
till  is  believed  to  be  of  Montauk  age  and  the  upper  till  is  Wisconsin. 

COARSE  GRAVELS 

General  description, — Numerous  exposures  of  gravel  deposits  overlying 
till  are  known  throughout  New  p]ngland.  Many  of  the  gravels  are  un- 
doubtedly Wisconsin,  but  in  many  places  there  are  extensive  gravel  de- 
posits which  appear  to  be  of  pre- Wisconsin  age.  These  are  best  exposed 
in  the  vallevs  of  Kennebec  and  Penobscot  rivers,  in  Maine.  Thev  consist 
of  unstratified  or  semi-stratified  deposits  of  coarse  gravels  composed  of 
fresh  pebbles  of  all  sizes  and  in  many  sections  containing  much  sand. 
The  sections  noted  (x*cur  along  the  main  valleys  and  range  in  thickness 
up  to  100  feet.     Their  upper  surfaces  are  very  irregular  and  they  are 

•  W.   O,    Crosby :  Composition   of  the   tUl   or  boulder-clay.     Proc.    Doaton    Sor.   Nat 
Hiat,  vol.  XXV,  1892.  pp.  118.  etc. 
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overlain  unconformably  by  marine  clay.    The  following  is  a  sample  sec- 
tion exposed  in  the  western  part  of  Waterville,  Maine : 

Section  of  Sands  and  Oravels  at  Waterville,  Maine 

Material  Feet 

5.  Unstratifled  and  semi-stratifled  clayey  gravel  (Wisconsin  till  ?) 2  to  6 

4.  Stratified  clay 4  to  6 

3.  Stratified  sand  2  to  6 

( Unconformity. ) 

2.  Poorly  stratified  gravel 20 

1.  Fine  brown  sand 5  -|- 


40  + 


The  following  section  is  exposed  near  the  bank  of  Penobscot  river,  in 
Brewer,  opposite  Bangor : 

Section  atSrexccr,  Maine 

Material  Feet 

2.  Till,  containing  many  boulders  up  to  2  feet  in  diameter 4  to  7 

1.  Horizontally  stratified  sand  and  gravel 35 

Relations  and  correlations, — The  gravels  are  also  well  exposed  at  Port- 
land and  at  Augusta,  and  probably  at  many  places  where  they  have 
not  been  recognized.  They  have  not  been  seen  anywhere  to  rest  on  till, 
but  there  is  no  reason  for  doubting  that  they  are  more  recent  than  one 
or  more  till  deposits.  They  are  commonly  overlain  by  clay,  as  at  Au- 
gusta and  Portland,  and  numerous  borings  and  wells  at  Boston,  Cam- 
bridge, Lynn,  and  in  the  Merrimac  valley  obtain  water  in  gravel  after 
penetrating  clay.  At  Augusta  and  elsewhere  the  gravels  can  be  seen  to 
be  overlain  by  Wisconsin  till.  The  gravels  have  been  greatly  contorted 
in  places,  and  the  contortion  can  not  be  explained  except  by  the  theory  of 
an  overriding  ice-sheot  (see  page  528).  In  age  tliese  gravels  are  believed 
to  date  from  the  beginning  of  the  "Second  Interglacial  epoch"  of  Wood- 
worth*  in  southern  New  England,  and  perhaps  to  correspond  with  the 
retreatal  deposits  of  the  Illinoisan  in  the  middle  West. 

DiMinction  from  Wisconsin  gravels. — In  most  localities  these  gravels 
can  not  be  distinguished  readily  from  Wisconsin.  In  some  sections, 
however,  the  evidence  that  they  are  of  pre- Wisconsin  age  is  very  striking. 
This  evidence  is  of  threefold  nature,  as  follows : 

1.  Probable  erosion  before  deposition  of  overlying  (pre-Wisconsin) 
clay. 

2.  Occurrence  of  till  overlying  the  gravels. 

3.  Erosion  and  folding  of  gravels  by  overriding  ice. 

1.  Erosion  before  deposition  of  overlying  clay. — Evidence  pointing  to 

*  Seyenteenth  Ann.  Kept.  U.  S.  Geological  Survey,  189G»  pp.  070-988. 
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a  time  interval  between  the  deposition  of  the  gravels  and  that  of  the 
overlying  clay  is  found  partly  in  an  apparent  unconformity  at  the  top  of 
the  gravels.  In  the  Kennebec  valley  they  rise  in  places  as  high  as  150 
feet  above  tide.  In  neighboring  sections  they  are  absent.  The  marine 
clay,  which  is  the  next  succeeding  deposit,  in  places,  as  at  Gardiner, 
Augusta,  Waterville,  and  vicinity,  rests  on  top  of  the  higher  remnants  of 
gravel,  and  elsewhere  it  fills  gullies  down  nearly  to  sealevel.  The  objec- 
tion might  he  raised  that  we  have  no  evidence  against  the  gravels  havini: 
been  deposited  "like  kames  with  uneven  surface  and  sporadic  distribu- 
tion." While  the  extent  of  present  knowledge  in  specific  localities  is  not 
sufficient  to  prove  positively  that  such  is  not  the  case,  the  general  distri- 
l)ution  of  the  gravels  with  rather  uniform  upper  level  renders  the  kame 
hypothesis  rather  weak.  Even  if  true,  it  would  not  materially  affect  tin- 
general  proposition  of  a  time  interval,  as  the  change  of  conditions  from 
those  necessary  for  kame  formation  and  those  favorable  to  deposition  of 
widespread  well-stratified  fossil  if  erous  marine  clays  necessitate  a  more 
than  local  ice-retreat. 

2.  Occurrence  of  till  overlying  the  gravels. — One  of  the  best  exposures 
of  till  overlying  stratified  sand,  clay,  and  gravel  is  to  be  seen  on  the 
southern  edge  of  the  village  of  Augusta,  Maine.  There  are  a  number  of 
good  exposures  in  gravel  pits  at  this  place,  which  appear  to  throw  light 
on  the  succession  of  events  after  the  deposition  of  the  gravel.  Plate  58, 
figure  1,  shows  a  section  where  coarse  semi-stratified  gravel  of  unknown 
thickness  is  overlain  by  15  feet  of  clay  and  fine  sand,  folded  at  a  high 
angle.  These  deposits  are  cut  off  squarely  at  the  top,  as  if  planed  off  by 
ice,  and  are  overlain  unconformablv  bv  2  to  6  feet  of  till. 

3.  Erosion  and  folding  of  gravels  by  overriding  ice. — This  erosion  was 
accompanied  by  severe  folding,  as  illustrated  in  a  pit  a  few  hundred  feet 
from  the  last  (see  plate  58,  figure  2).  The  illustrations  show  that  the 
folding  took  place  after  deposition  of  the  clay  (B),  and  that  at  the  same 
or  a  subseipient  date  there  was  erosion  with  the  deposition  of  till  (Wis- 
consin). Other  sections  in  the  vicinity  show  the  clay  (B)  increasing  to 
as  much  as  30  feet  in  thickness  and  forming  part  of  the  main  marine  clav 
deposit  of  the  valley.*  The  lower  5  feet  of  the  clay  is,  as  a  rule,  very 
sandy,  as  in  figure  1.  The  shoving  illustrated  in  this  plate  took  place 
from  the  north,  at  the  right  hand  end  of  the  section. 

F088ILIFBR0U8  MARINE  CLAYS  (''LEDA  CLAY") 

Use  of  term  ''Leda  clay" — The  name  "Leda  clay"  was  applied  in  1857 
by  Dawson  to  the  fossiliferous  marine  clays  at  Montreal,!   from  Leda 


*  A.  S.  Packard :  Mem.  Boston  Soc.  Nat.  Hist.,  1865.  p.  243. 

t  J.  W.  Dawson  :  On  the  newer  Pliocene  and  the  post-Pliocene  of  the  Ticlnlt/  of  Itoa- 
ireal.     Canadian  Naturalist.   1857. 
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truncata,  which  was  found  abundantly  in  the  formation.  The  overlying 
sands  were  called  "Saxicava  sands'*  for  the  reason  that  they  contain 
Saxicava  rugosa.  Since  that  time  the  marine  clays  of  the  Saint  Law- 
rence valley  and  the  New  England  coast  have  been  studied  by  various 
geologists,  and  the  name  "Leda  clay"  has  been  generally  applied  to  any 
marine  clay  in  this  region.  It  now  seems  clear,  however,  that  the  clays 
classed  under  that  name  are  not  all  of  the  same  age.  For  this  reason  the 
name  "Leda  clay"  will  be  avoided,  so  far  as  possible,  in  this  paper. 

General  description. — Below  the  limit  of  surface  oxidation  the  marine 
clays  are  commonly  blue  drab  to  gray  in  color,  finely  laminated  and 
evenly  bedded,  often  containing  thin  laminae  of  sand.  There  is  consider- 
able diversity  of  character;  sometimes  the  clays  grade  horizontally  into 
fine  sand,  and  in  places  they  contain  layers  of  "marsh  mud"  which  has  a 
strong  odor.  Polished  boulders  are  frequently  found,  and  in  places,  as 
in  the  Cambridge,  Massachusetts,  brick-yards,  they  are  well  striated.  In 
a  number  of  localities  they  are  abundantly  scattered  through  the  deposit, 
indicating  the  existence  of  icebergs.  The  broad  extent  of  the  deposits 
containing  boulders  on  the  New  England  coast,  in  all  the  large  valleys, 
and  in  the  Saint  Lawrence  valley  indicate,  however,  that  the  glaciers 
from  which  the  ice  was  derived  may  have  been  several  hundred  miles 
distant.  It  is  possible  that  at  that  time  the  highlands  in  the  interior 
of  Xew-England  and  of  the  province  of  Quebec  may  have  been  ice- 
covered  and  the  coasts  and  the  Saint  Lawrence  valley  may  have  been 
frcHJ  from  ice.  Packard  states  that  the  greater  abundance  of  arctic  fos- 
sils in  the  lower  part  of  the  clays  and  of  forms  characteristic  of  a  milder 
climate  in  the  upper  part  indicate  that  the  climate  became  milder  during 
the  close  of  the  clay  deposition ;  hence  it  would  appear  fairly  certain  that 
the  main  areas  of  clay  containing  marine  fossils  must  have  been  deposited 
(hiring  a  retreat  of  the  ice  to  a  long  distance.  In  thickness  the  clay  is 
irregular,  ranging  in  Massachusetts,  New  Hampshire,  and  in  parts  of  the 
Kennebec  valley  in  Maine  up  to  over  100  feet,  but  it  is  commonly  less 
than  50  feet. 

Distribution. — The  "Leda  clays"  are  found  far  and  wide  throughout 
the  Saint  Lawrence  valley  and  on  the  coast  of  Maine,  New  Hampshire, 
and  in  Massachusetts  as  far  south  as  Boston. 

Clays  which  do  not  carry  fossils,  but  which  belong  in  this  class,  are 
extensively  developed  in  Cambridge,  Medford,  Everett,  Revere,  and  Chel- 
sea, near  Boston,  and  are  found  at  Lynn,  Salem,  Saugus,  Newburyport, 
Ipswich,  Amesbury,  and  Haverhill,  in  Massachusetts.  At  Lynn  and 
Danvers  fossils  have  been  found  in  them.  In  New  Hampshire  they  are 
finely  developed  at  Exeter,  Epping,  Portsmouth,  RoUinsford,  and  Dover. 
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In  Maine  they  extend  along  the  coast  from  Kittery  to  Eastport,  fonning 
many  low  plains  near  the  sea  and  extending  up  most  of  the  river  valleys. 
In  York  county  thev  extend  15  miles  or  more  from  the  coast.  In  the 
valley  of  Presumpscot  river  they  are  found  nearly  to  Sebago  lake;  in  the 
Androscoggin  valley  to  l>eyond  Lewiston  and  Mechanic  Falls.  In  the 
Kennebec  vallev  thev  are  found  to  contain  marine  fossils  at  Brunswick, 
Bowdoinham,  Gardiner,  Augusta,  Vassalboro,  Waterville,  and  Skowhe- 
gan.  Farther  north  similar  clays  occur  at  higher  elevations  as  far  as 
Solon,  and  they  are  found  in  the  valley  of  Sandy  river  at  Farmington: 
but  the  clays  above  Skowhegan  may  possibly  not  be  marine,  as  fossils 
have  not  been  reported  in  them.  The  marine  clays  are  abundant  along 
Sheepscot  river,  in  Ldncoln  county,  and  are  widely  distributed  in  the 
vicinity  of  Rockland,  in  Knox  county.  They  extend  up  Penobscot  river 
to  beyond  Oldtown.  They  are  found  in  small  patches  on  many  of 
the  islands  in  Caseo,  Penobscot,  and  Bluehill  bays,  and  are  well  exposed 
on  Mount  Desert  island  and  on  the  shores  of  Bluehill  bay.  In  Washing- 
ton county  they  form  plains  of  moderate  extent  at  many  places  near  the 
coast,  and  in  places  extend  for  miles  inland  along  the  valleys.  They  are 
widely  distributed  in  Xew  Brunswick. 

Fossils. — The  "Leda  clays*'  have  been  studied  by  many  writers,  among 
whom  are  J.  W.  Dawson,  Jackson,  C.  H.  Hitchcock,  and  Packard.*  The 
latter  writer  gave  complete  lists  of  fossils  from  the  various  New  England 
localities  and  postulated  certain  theories  regarding  the  climatic  and 
geologic  conditions  at  the  time  the  clays  were  formed.  Many  other 
writers  have  given  names  of  species  found  in  various  localities,  but  have 
not  made  any  extensive  investigations  on  the  subject. 

As  differences  in  Pleistocene  faunas  are  due  chiefly  to  slight  differences 
in  climate,  it  is  not  supposed  that  correlations  between  the  several  clay 

•  J.  W.  DawsoD  :  On  the  newer  Pliocene  and  post-Pliocene  of  the  yiclnlty  of  Montreal. 
Canadian   NaturallHt,    1857. 

Additional  notes  on  the  post-Pliocene  de|)Oslt8  of  the  Saint  Lawrence  ralley.  CanadlAB 
Naturalist,  1859. 

On  the  climate  of  Canada  in  the  post-Pliocene  period.     Canadian  Naturalist,  1860. 

On  post-Tertiary  fossils  from  Labrador.     Canadian  Naturalist,  1860. 

On  the  geology  of  Murray  bay  (part  3,  post-Pliocene  deposits).  Canadian  Naturalist. 
1861. 

On  the  post- Pliocene  deposits  of  Klviere  du  Ix>up  and  Tadoussac  Canadian  Natural- 
ist,  1865. 

The  post-Pliocene  K^'ology  of  Canada.  Canadian  Naturalist,  second  series,  vol.  vi. 
1872,   pp.    19-42,    166-187,    241-259. 

C.  T.  Jackson :  First,  second,  and  third  reports  on  the  geology  of  tbe  state  of  Maiite. 
1837-1839. 

C.  U.  Ultchcoclc :  Notes  on  the  geology  of  Maine.  I*roc.  Portland  Soc.  Nat.  Hist^  t<^. 
1,  part  1,  1862,  pp.  72-85,  and  numerous  other  references. 

A.  8.  Paclcard,  Jr. :  Observations  on  the  glacial  phenomena  of  Labrador  and  Maine. 
Mem.  Boston  Soc.  Nat.  Ulst.,  vol.  1,  1865,  pp.  210-303. 
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deposits  in  New  England  can  be  made  with  certainty  on  this  basis  alone. 
Fossils  are  of  some  value,  however,  in  checking  the  conclusions  formed 
on  the  basis  of  stratigraphic  evidence. 

Columns  1  to  6  in  the  table  (pages  520-523)  are  localities  in  which 
the  clays  (Gardiner)  are  believed  to  antedate  the  principal  till  deposit 
(page  524).  The  remaining  columns  are  those  containing  names  of  fos- 
sils found  in  the  more  recent  clays.  It  is  probable  that  most  of  these 
latter  occurrences  belong  to  the  main  clay  deposit,  but,  owing  to  the  fact 
that  the  clays  in  general  can  not  be  differentiated  on  paleontologic  or 
lithologic  evidence,  it  is  possible  that  some  of  them  may  be  of  post- 
Wisconsin  age  (see  page  553). 

Distinction  between  high-level  and  low-level  clays, — A  study  of  the 
marine  clay  deposits  in  the  field  shows  at  least  two  distinct  topographic 
types: 

First.  Over  wide  areas  the  clay  is  characterized  by  a  very  "old-looking^^ 
topography.  This  type  of  clay  is  found  in  localities  more  or  less  pro- 
tected from  erosion  in  nearly  every  large  valley  between  Boston  and  the 
New  Brunswick  lin^.  It  rises  from  20  feet  above  sealevel  near  Boston 
to  70  feet  in  the  Merrimac  valley,  100  feet  in  New  Hampshire,  and  about 
300  feet  in  parts  of  the  Kennebec  valley  in  Maine. 

Second.  In  many  regions  along  the  coast,  in  Massachusetts,  New 
Hampshire,  and  Maine,  there  are  broad,  flat  deposits  of  clay  which  do 
not  rise  more  than  20  to  60  feet  above  tide.  These  are  not  remnants  of 
elevated  clays  having  old  topography,  but  are  generally  found  in  local- 
ities exposed  to  erosion  and  are  commonly  characterized  by  flat  surfaces. 
The  valleys  cut  in  them  are  mostly  deep  V-shaped  valleys,  which  appear 
very  recent. 

For  convenience  of  description  the  first  type  of  clay  will  be  spoken 
of  as  the  **high-level"  clay  and  the  second  type  as  the  "low-level*'  clay. 
The  high-level  clay  comprises  the  deposits  described  on  pages  531-544, 
and  the  low-level  clay  is  described  on  page  553. 

Relations  of  the  high-level  clay. — In  Massachusetts  and  New  Hamp- 
shire even  the  high-level  clay  is  at  such  a  low  elevation  that  its  base  is 
seldom  seen,  and  wells  frequently  penetrate  it  to  depths  of  over  150  feet. 
Numerous  well  records  in  Cambridge,  Revere,  Everett,  Saugus,  Lynn, 
Salem^  and  Newburyport;  Massachusetts,  and  in  Exeter,  New  Hampshire, 
pass  out  of  clay  at  depths  of  30  to  100  feet  into  underlying  water-bearing 
gravels.  In  Maine,  and  especially  in  the  valleys  of  the  Kennebec  and 
other  rivers,  the  clay  can  be  seen  to  rest  unconforraably  on  the  gravels. 
In  places  it  lies  in  the  bottom  of  the  valley,  while  in  otliers  its  base  rises 
lo  a  height  of  over  150  feet.     This  indicates  that  the  land  may  have 


532       F.  G.  CLAPP — GLACIAL  PERIOD  IN  NEW  ENGLAND 

stood  at  a  much  higher  level  during  the  deposition  of  the  gravels  and  sub- 
sided before  the  deposition  of  the  clay. 

Another  explanation  of  the  unconformity  lies  in  the  possibility  that 
the  gravels  may  represent  morainal  or  karae  deposits  formed  under  watei 
between  the  ice  and  the  valley  walls.  In  either  case  the  subsequent  thick 
deposit  of  clay  filled  all  the  inequalities  in  the  bottom  of  the  valley,  result- 
ing in  the  unconformity  as  we  find  it. 

Correlations. — The  "high-level'*  clays  are  found  to  rest  in  places  un- 
conf ormably  on  gravel ;  in  others  on  tough,  stony,  clayey  till  of  probal>ly 
Montauk  age,  as  at  York,  Maine,  and  at  Danvers  and  Cambridge,  Massa- 
chusetts. In  a  few  cases  the  clays  have  been  seen  to  rest  on  rock,  but  as 
a  rule  till  or  gravel  intervenes. 

As  the  clay  contains  fossils  at  numerous  localities,  some  of  them  in 
close  proximity  to  glaciated  boulders,  the  material  must  have  been  depf>?i- 
ited  when  the  ice-front  was  still  not  over  a  few  hundred  miles  distant.  The 
facts  can  be  accounted  for  by  the  supposition  that  the  clays  were  deposited 
while  the  ice-front  retreated  northward  across  the  states  of  Maine  and 
New  Hampshire,  the  boulders  being  transported  by  icebergs  broken  off 
the  ice-front  in  the  Kennebec,  Androscoggin,  Penobscot,  and  other  large 
valleys.  Tlie  presence  of  similar  phenomena  in  the  Saint  Lawrem-e 
valley  can  be  explained  by  the  assumption  that  the  ice  remained  on  the 
highlands  of  the  interior  of  New  England  and  of  Canada  long  after  the 
Saint  Lawrence  valley  was  free  and  open  to  the  ocean. 

The  marine  clays  are  overlain  in  places  conformably  by  a  few  feet  of 
fine  sand  ("Saxicava  sand"  of  Dawson)  (see  plate  59,  figure  1).  In 
other  places  they  are  overlain  unconf ormably  by  sands.  Over  wide 
areas  in  southern  Maine  the  irregularities  are  filled  and  the  whole  deposit 
obscured  by  broad  outwash  plains  of  sand  sloping  seaward.  On  these 
sand  plains  no  till  is  found,  but  where  the  clay  is  not  buried  by  sand  it 
can  often  be  seen  to  be  covered  by  a  heterogeneous  gravelly  deposit,  in 
places,  as  at  Exeter,  New  Hampshire,  forming  small  moraines,  and  be- 
lieved to  be  Wisconsin  till  (pages  536-537).  The  clay  covered  by  this 
material  is  the  "high-level  clay"  of  pre- Wisconsin  age,  which  was  probably 
deposited  in  the  Vineyard  interval  of  Woodworth.  Being  subsequent  to 
the  post-^fontauk  gravels,  which  have  been  provisionally  correlated  with 
the  Illinoisan,  the  clay  would  seem  to  be  somewhere  near  lowan  in  age. 
Although  very  unlike  in  lithologic  character,  it  has  certain  aspects  in 
relations  and  distribution  which  resemble  some  of  the  water-laid  types  of 
the  lowan  loess  of  the  West. 

Evidence  thai  this  clay  i.s  not  of  Wisconsin  age, — The  evidence  sup- 
porting the  view  that  the  "high-level"  clays  are  of  pre-Wisconsin  age  i< 
as  follows : 


i:  CiU-l,  Dover,  New  Hahpsiiibe 

e  in  turo  uncoDtormably 


;vK[.  OF  mahink  Cut,  IloLLisstwHO.  Neiv  MAMraniae 

Viewed  trota  a  s^atle  till  slope 
PES  OF  MARINE  CLAV,  NEW  HAMPSHIRE 
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1.  Greater  weathering  and  oxidation  than  deposits  of  Wisconsin  age. 

2.  Occurrence  of  oxidized  zones  at  the  top  of  buried  clay  surfaces 
which  were  formed  bv  subaerial  erosion. 

3.  Occurrence  of  overlying  till  and  morainal  deposits. 

4.  Folding  and  erosion  due  to  action  of  overriding  ice. 

5.  Reworked  upper  portion  of  clays. 

6.  Older  topography  and  greater  elevation  of  these  clays  than  of  cer- 
tain clays  believed  to  be  of  Wisconsin  age. 

7.  Occurrence  of  overlying  buried  soils. 

1.  Degree  of  oxidation. — Something  of  the  relative  ages  of  different 
deposits  can  be  inferred  from  the  relative  depths  of  superficial  oxidation 
or  yellowing  due  to  action  of  the  weather.  In  connection  with  the  Mon- 
tauk  till  (page  525),  it  was  stated  that  the  oxidation  of  that  material 
was  much  deeper  than  that  of  the  ordinary  superficial  till.  The  oxida- 
tion of  the  former  is  10  to  20  feet  deep,  while  the  latter,  notwithstanding 
its  looser  and  more  pervious  character,  is,  as  a  rule,  not  yellowed  over 
3  to  5  feet.  This  can  be  seen  in  the  ordinary  boulder-clay  over  large 
areas  in  southern  Maine.  The  marine  clavs  are  like  the  Montauk  till  in 
being  rather  deeply  oxidized,  in  most  places  being  yellowed  to  a  depth  of 
5  to  12  feet  from  the  surface.  The  following  exposures  will  serve  as 
examples : 

At  many  brick-yards  in  Medford,  Chelsea,  and  Everett,  Massachusetts, 
the  upper  6  to  10  feet  of  the  clay  are  buff  or  mottled  and  in  places  some- 
what blocky,  below  which  it  is  blue  drab  in  color.  In  this  region  the 
upper  3  to  5  feet  are  in  some  places  rather  stony  and  appear  to  be  in 
reality  till  composed  largely  of  reworked  clay. 

At  Trask's  brick-yard,  Danvers,  9  feet  of  buff  gray  clay  have  been  seen 
to  overlie  the  blue  clay. 

At  a  brick-yard  in  Lewiston,  Maine,  about  200  feet  above  tide,  12  feet 
of  buff  clay  are  exposed  over  20  feet  or  more  of  blue  clay. 

At  Mechanic  Falls,  Maine,  20  feet  of  clay  are  exposed  in  a  brick-yard ; 
the  upper  5  feet  are  very  yellow,  while  below  that  it  is  blue. 

Xear  the  village  of  Eliot,  Maine,  where  10  feet  of  clay  can  be  seen  to 
be  overlain^by  2  to  5  feet  of  sand,  the  upper  5  to  8  feet  of  clay  are  gray- 
ish, but  the  lower  part  is  blue. 

In  Brewer,  Maine,  30  feet  of  well  stratified  clay  are  exposed,  and  the 
upper  8  to  15  feet  are  yellowish,  while  the  rest  is  blue. 

In  Chelsea,  Maine,  the  upper  12  feet  of  the  clay  are  buff  brown,  the 
rest  being  blue  drab. 

Some  places  have  been  seen  where  the  yellowing  extends  only  2  to  3 
feet  from  the  surface.     This  might  be  supposed  to  favor  the  view,  ad- 


534  F.  G.  CLAPr — GLACIAL   PERIOD  IN   NEW   ENGLAND 

vam-ed  by  some,  that  the  differences  in  depth  of  weathering  were  duo  to 
different  conditions  of  moisture,  porosity  or  climate  in  different  localities. 
In  all  cases,  however,  the  differences  could  he  accounted  for  by  (a) 
tlie  peculiar  situation  of  the  deposit — that  is,  where  it  might  be  a  part 
of  the  "low-level''  or  Wisconsin  deposit,  or  (b)  the  possibility  of  part  of 
the  surface  having  been  removed  by  erosion  since  the  weathering  took 
place.  Oxidation  of  5  to  12  feet  in  the  clays  has  been  noted  by  Crosby 
in  his  studies  of  the  materials  found  in  borings  at  Boston. 

2.  Oxidation  of  buried  clav  surfaces  which  were  formed  bv  subaerial 
erosion. — Evidence  of  an  elevation  and  a  subsidence  since  the  deposition 
of  the  principal  clay  deposit  is  found  in  a  series  of  borings  made  in  1905 
at  Vaughans  bridge  over  Fore  river  at  Portland.  In  making  tests  here 
two  rows  of  13  borings  each  were  put  down  across  the  river  between  Port- 
land and  South  Portland.  The  borings  were  sunk  to  bed-rock,  which 
dips  rather  regularly  from  45  feet  below  mean  low  water  on  the  Portland 
side  to  110  feet  below  on  tlie  South  Portland  side.  A  tj'pical  record  is 
as  follows,  beginning  at  low-water  level : 

Borlmj  for  Vaughans  Bruhjr,  Portlaiitl,  Maine 

Material  Fe^t 

Water    31.9 

6.  Soft  black  silt 21 .4 

4.  Soft  black  sand  and  i)ent 21 . 0 

3.  Very  soft  blue  clay,  with  silt 52.8 

2.  Coarse  gravel  and  sand,  bard 2.4 

1.  Rock. 

Total    10r> .  5 

Samples  of  these  deposits  were  on  exhibition  at  City  Hall,  and  were 
examined  by  the  writer.  Xumber  5  is  a  brownish  gray  clay,  rather  silly 
and  similar  to  much  of  tlie  clay  found  20  to  40  feet  above  tide  in  the 
vicinity  of  Portland.  Xumber  4  is  in  some  cases  a  nearly  pure  peat ;  in 
others  it  is  made  up  largely  of  sand.  It  is  only  found  in  10  out  of  the 
26  borings,  and  has  a  thickness,  where  mixed  with  sand,  of  from  5  to  30 
feet.  Its  ui>per  surface  rises  to  within  about  30  feet  of  the  present  low- 
water  level.  Xumber  3  is  a  typical  blue  clay,  a  little  lighter  in  color 
than  number  5  and  resembling  some  brick-yard  clays  seen  in  southwestern 
Maine.  The  surface  of  this  deposit  rises  from  —55  feet  at  South  Port- 
land to  scalevel  at  Portland.  The  top  of  this  clay  is  yellow  to  the  depth 
of  several  feet  below  tlie  overlying  deposits.  Xumber  2  is  a  typical  stony 
till  of  the  Montauk  type. 

The  descent  of  the  clay  from  sealevel  to  55  feet  below,  with  an  oxidized 
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upper  surface  overlain  by  a  horizontal  deposit  of  peat  and  soil,  can  only 
be  explained  by  erosion  and  subsidence  since  the  clay  was  deposited.  The 
chief  question  in  this  connection  is  the  age  of  the  clayi  It  overlies  till 
and  is  therefore  Quaternar}\  When  its  topography  is  compared  with  the 
flat  and  little  eroded  clays  of  the  Maine  coast,  it  must  be  considered  some- 
what older  than  they;  and  if  they  are  of  post-Wisconsin  age,  this  clay 
probably  corresponds  with  the  greatly  eroded  "high-level"  clays  of  Maine 
which  are  under  discussion  here.  The  borings  indicate  an  elevation  of  the 
coast  (post-Montauk)  to  at  least  50  feet  above  the  present  sealevel  at 
Portland,  followed  by  erosion,  which  is  indicated  by  the  soil  and  oxida- 
tion zones  to  have  been  interglacial ;  then  came  a  subsidence  to  at  least 
80  feet  below  sealevel,  when  the  later  clays  were  deposited,  followed  by  the 
recent  elevation,  which  raised  the  clays  at  least  80  feet  above  tide  at  this 
place. 

Extensive  boring  at  Boston  has  revealed  similar  erosion  of  the  clays, 
and  indication  of  an  interglacial  stage  is  furnished  by  occasional  examples 
of  oxidized  deposits  overlain  by  more  recent  deposits  of  clay,  gravel,  and 
till.  A  detailed  study  of  samples  from  these  borings  has  been  made  by 
Crosby,*  who  reports  a  superficial  yellowing  on  the  clay  underlying  the 
harbor  silts.  The  clay  at  Boston  is  characterized  by  an  unconformity 
similar  to  that  at  Portland.  Borings  along  the  line  of  the  subways,  the 
East  Boston  tunnel,  and  extensive  bridge  and  well  boring  in  the  city  and 
harbor  show  a  widespread  deposit  of  clay  extending  from  5  feet  above  tide 
to  200  feet  below  tide.  The  vellow,  or  oxidized  clay,  is  sometimes  found 
as  much  as  30  feet  below  low  water.  Eegarding  this  feature,  Crosby 
writes  as  follows : 

"Oxidation  makes  tlie  clay,  and  also  the  Ijoulder-elay,  harder  and  firmer,  hy 
cementing  the  clay  particles  by  Iron  oxide ;  and  this  may  explain  the  fact  that 
the  boring  records  often  indicate  *hard  clay'  above,  passing  downward  through 
'Btiff  clay'  to  'soft  clay.' " 

Tlie  following  is  selected  by  the  present  writer  as  a  typical  boring  sec- 
tion.    It  is  situated  at  the  corner  of  Beach  street  and  Atlantic  avenue: 

Section  of  Boring  at  Boston 

Material  B>et 

4.  PMlling    19 

li.  Hard  yellow  clay,  sand 7 

2.  Hard  yellow  clay 5 

1.  Soft  blue  clay 28 

Total    59 

•  A  study  of  the  geology  of  the  Charles  Klver  estuary  and  the  formation  of  Boston 
harbor,   in   "Rei>ort  of  the  committee  on   the   Charles   Utver  dam,"   Boston,    1003,   pp. 
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In  most  borings  the  depth  of  oxidation  is  5  to  15  feet,  but  a  few  records 
have  been  seen  in  which  it  is  over  20  feet.  No  two  borings  give  exactly 
the  same  section,  and  to  show  the  variations  in  a  short  distance  the  fol- 
lowing is  given.  It  is  situated  midway  between  Beach  and  Essex  streets 
on  Atlantic  avenue. 

8ectiwi  of  Boring  at  Boston 

Material  Feet 

7.  Filling    0 

6.  Fine  sand,  mud 4 

5.  Hard  yellow  clay,  little  sand 5 

4.  Little  clay,  sand,  coarse  gravel 4 

3.  Hard  blue  clay,  sand 11 

2.  Hard  blue  clay 10 

1.  Clay,  sand,  gravel,  hard S 

Total   51 

The  great  number  of  borings  at  Boston  makes  it  possible  to  trace  out 
with  some  degree  of  accuracy  the  courses  of  valleys  which,  were  deeply 
eroded  in  the  clay,  and  subsequently  buried  by  sand  and  other  deposits. 
As  stated  by  Crosby,  the  maximum  depth  of  valleys  in  the  blue  clay  is  50 
feet. 

"That  the  erosion  of  the  clay  producing  all  the  depressions  now  occupied  by 
the  inner  harbor  was  subaerial  and  not  marine,  fluvial  and  not  tidal,  and  that 
It  extended  over  a  long  time,  are  indicated  by  the  superficial  yellowing  of  the 
clay  through  the  oxidizing  influence  of  the  atmosphere." 

Crosby,  however,  believed  the  clay  to  ])e  of  Wisconsin  age. 

Evidence  that  the  drumlins  are  older  than  the  principal  clay  in  the 
Ix) rings  was  found  on  Hanover  street,  where  the  "toe"  of  Copps  Hill 
drumlin  descends  to  — 30  feet  and  the  clay  rests  on  top  of  it.  Nearly 
ever^-i^'here  the  clay  is  underlain  by  a  stony  hard-pan  believed  to  be 
Afontauk,  and  in  many  places  the  oxidized  upper  surface  of  the  clay  is 
overlain  by  a  hard  gravelly  deposit  resembling  Wisconsin  till  (pages 
546-547).  The  deep  oxidation  of  the  clay — as  deep  as  the  deepest  oxida- 
tion of  the  underlying  till  where  it  is  exposed — arid  the  correspondence  of 
the  clay  oxidation  with  an  unconformity  which  must  have  taken  thou- 
sands of  years  to  form,  being  later  covered  with  sands,  gravels,  and  silts, 
indicate  the  interglacial  age  of  this  clay  with  a  strong  degree  of  proba- 
bilitv. 

3.  Occurrence  of  overlying  till  and  morainal  deposits. — Good  section:? 
have  been  seen  of  till  overlying  clay  at  a  number  of  places  in  northeastern 
New  England.  One  of  the  best  examples  is  at  the  works  of  the  New 
England  Brick  company,  2  miles  soulh  of  Exeter,  New  Hampshire,  where 
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a  section  over  100  yards  long  shows  8  feet  of  till  resting  on  marine  clay. 
The  exposures  can  be  seen  in  two  brick-yards  situated  on  either  side  of  the 
Boston  and  Maine  railroad.  The  till  consists  of  an  unconsolidated  deposit 
of  clay,  gravel,  and  bouldei*s,  and  is  oxidized  to  a  depth  of  2  feet  from  the 
top.  The  underlying  clay  is  normally  horizontal  and  contains  some  layers 
of  interstratified  sand.  Mr  George  C.  ^latson  reports  a  fault  in  the  sand 
here  and  states  that  the  strata  are  considerablv  contorted.  In  elevation 
the  clay  rises  about  100  or  120  feet  above  tide.  Back  from  the  clay 
pits  the  till  surface  rises  into  a  moraine-like  deposit.  Beneath  the  clay 
another  deposit  of  till,  which  appears  to  be  Montauk,  is  found.  The  peb- 
bles contained  in  it  are,  however,  decomposed  to  an  extent  unusual  in  the 
Montauk  till.  Similar  conditions  prevail  in  a  pit  of  the  same  company  2 
miles  farther  north. 

A  condition  similar  to  that  at  Exeter  is  foimd  at  Newburyport,  Massa- 
chusetts. The  clay  at  that  place  is  overlain  by  sand  and  gravel,  which  is 
in  turn  overlain,  east  of  the  railroad,  by  till  (see  plate  60,  figure  1). 

Section  of  Drift  at  ycwburyport,  Massachusetts 

Material  Feet 

4.   (Top)  Typical  stony,  clayey  till,  containing  i>ebble8  up  to  3  inches  in 

diameter 4 

3.  White  stra titled  sand,  uierj;iug  upward  into  till  and  downward  into 

senii-strntified  sand  containing  some  pel)l)les 2 

2.  Below  (3)  is  a  reddish  ferruginous  crust  one-half  inch  to  one  inch  In 

thickness. 
1.  Much  folded  and  faulted  sand  containing  a  few  i)ebbles 5  -|- 

Total    11  -f 

The  faulting  in  (1)  indicates  shoving  from  the  north. 

The  occurrence  of  till  over  clay  at  Dan  vers  and  Lynn,  Massachusetts, 
was  first  noted  by  Sears.*  These  deposits  have  been  seen  by  the  writer, 
who  agrees  with  Sears  in  his  conclusions.  The  latter  was  the  first  person 
to  find  fossils  in  these  clays  in  Massachusetts.  He  believed  that  the  over- 
lying till  formed  the  "toes"  of  near-by  drumlins  which  were  supposed  to 
rest  on  clay.  What  is  considered  by  the  present  writer  a  more  probable 
condition  is  explained  on  page  550.  At  the  Dan  vers  locality  14  species 
of  fossils  were  found  by  Sears  (column  8,  pages  520-523). 

In  1866  Shaler  described  some  fossiliferous  clavs  and  sands  overlain 
])V  till  at  Gloucester,  Massachusetts, t  and  37  vears  later  similar  relations 
in  a  neighboring  cliff  section  were  discovered  by  Tarr.J  The  fossil  forms 
found  in  this  section  are  those  noted  in  column  9  of  the  table. 


«■  J.  H.  Sears :  Geology  of  Essex  county,  Massachusetts.     Salem,  1905,  pp.  357-373. 

t  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xl,  pp.  27-30. 

t  Bull.  Harvard  Coll.  Mus.  Comp.  Zool.,  vol.  xlli,  1903,  pp.  181-191. 

XLVII — Bull.  Geol.  Soc.  Am.,  Vol.  18,  1900 
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In  1878  Hitchcock  described  fossiliferous  clays  interstratified  between 
two  tills  at  Portland.*  The  same  writer  has  obsen'ed  till  overlying  strati- 
fied clays  and  gravels  at  many  places  in  New  Hampshire.! 

In  the  same  work  Upham  Jdescribes  numerous  exposures  of  till  resting 
on  stratified  clay  in  the  vicinity  of  lake  Winnipiseogee.  Upham  inter- 
preted the  phenomena,  however,  as  being  due  simply  to  the  washing  of 
material  on  top  of  the  clay  from  melting  of  a  neighboring  glacier  and  not 
to  any  retreat  and  readvance  of  the  ice. 

Chalmers,  in  1893,§  described  an  exposure  of  stratified  clay  underlying 
till  at  Nogrotown  point,  New  Brunswick,  giving  sections  and  fossils 
(column  25,  pages  520-523).     One  of  his  sections  is  as  follows: 

Section  at  Fern  Ledges,  near  Saint  John,  New  Brunawick 

Material  Fe«t 

4.  Till  with  lK>ulders  up  to  1  foot  in  diameter 13 

3.  Till  with  boulders  up  to  6  feet  in  diameter 25 

2.  Stratified,  tough,  dark  red  clay  containing  a  few  pebbles  and  occasion- 

ally a  boulder 14 

1.  Till  10 

Total    62 

The  following  section  is  also  reported  from  near  Xogrotown  point : 
Section  one-fourth  Mile  West  of  Nogrotown  Point,  New  Brunswick 

Material  Fe«t 

4.  Till   11 

3.  Stratified  till  1 

2.  Till  containing  7  species  of  fossils  (see  column  25»  pages  520-523) V* 

1.  Stratified,  dark  red,  tough  clay  with  a  few  boulders,  containing  7  species 

of  fossils  (see  column  25,  pages  520-523) 2i» 

Total    42 

There  seems  to  be  no  particular  evidence  from  the  report  whether  the 
above  described  deposits  are  pre- Wisconsin  and  Wisconsin,  or  whether 
they  are  Gardiner  and  Montauk,  but  the  former  hypothesis  is  believed  t" 
be  true. 

The  following  are  a  few  of  the  instances  of  till  overlying  clays  seen  K\ 
the  writer : 

♦  Geology  of  New  Hampshire,  vol.  ill,  pp.  279-282. 

t  Op.  cit,  p.  290. 

X  Op.  cit.,  pp.  131-138. 

S  BiiU.  Geol.  Soc.  Am.,  vol.  4,  pp.  361-370. 
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Along  tl:e  Washington  County  railroad  between  Cherryfield  and  Calais, 
Maine,  a  number  of  good  railroad  cuts  show  till  resting  on  clay. 

In  a  road  section  at  Ottar  cliff,  Mount  Desert  island,  are  4  to  6  feet  of  a 
moraine-like  deposit  of  unassorted  gravels  containing  boulders  up  to  2^^ 
feet  in  diameter,  underlain  by  hard  tough  clay  containing  no  pebbles. 
This  clay  is  somewhat  yellowed  through  surface  oxidation. 

At  Kittery,  York,  and  other  places  in  Maine,  and  at  Kevere,  Danvers, 
and  Newburyport,  Massachusetts,  large  boulders  have  been  seen  to  rest  on 
clay.    At  York  an  exposure  of  till  resting  on  clay  was  seen. 

4.  Folding  and  erosion  due  to  action  of  overriding  ice. — In  many  places 
in  this  part  of  New  England  clays,  sands,  and  gravels  have  been  seen 
which  must  have  been  originally  horizontal,  but  which  are  now  highly 
folded.    The  principal  examples  are  as  follows : 

A  section  is  given  by  Marbut  and  Woodworth  *  showing  contorted  clays 
on  the  west  side  of  Fresh  pond,  in  Cambridge,  Massachusetts.  Folds  and 
eroded  upper  surfaces  of  the  clays,  which  are  attributed  by  those  writers 
to  overthrusting  by  ice,  are  also  exposed  in  the  clay  pits  at  Cambridge. 

Two  miles  north  of  Haverhill,  Massachusetts,  on  the  east  side  of  Little 
river,  a  brick  clay  similar  to  that  in  the  neighboring  valley  bottom  is 
folded  up  over  gravel  deposits  20  feet  or  more  in  height. 

At  Augusta,  Maine,  a  gravel  pit  several  hundred  feet  long  shows  35 
feet  of  gravel  overlain  by  8  feet  of  stratified  sand,  and  above  that  lie  20 
feet  of  clay.  As  shown  in  plate  58,  figure  2,  the  clay  in  the  center  of 
the  pit  is  nearly  horizontal.  At  the  northern  end  of  the  section,  how- 
ever, it  rises  in  an  overturned  fold  and  is  truncated  by  the  surface  of  the 
hill.  Over  a  distance  of  100  feet  at  the  surface  the  clay  is  missing,  but 
about  the  center  of  the  exposure  it  comes  in  again  and  descends  with  a 
dip  of  15  to  45  degrees  to  the  base  of  the  section  at  its  south  end.  The 
8upix)8ed  former  extent  of  the  clay  is  shown  by  the  dotted  line. 

About  200  feet  west  of  this  main  gravel  pit  is  a  smaller  excavation  in 
which  the  same  beds  are  seen.  They  differ  from  those  in  the  first  section 
in  the  respect  that  the  clay  in  the  second  section  contains  many  sandy 
layers,  and  is  probably  a  somewhat  lower  part  of  the  clay  formation.  The 
gravel  underlying  the  sandy  clay  here  is  inclined  30  to  45  degrees  from 
the  horizontal.  The  beds  are  truncated  at  the  top  and  are  overlain  by  a 
very  clayey  and  stony  till  which  ranges  in  thickness  from  2  to  6  feet 
V plate  58,  figure  1).  In  both  these  sections  the  strata  of  sand  and  clai 
are  inclined  toward  the  south,  but  the  fold  is  high  and  overturned  toward 
the  north,  indicating  that  the  shoving  which  produced  the  folding  took 
place  from  the  latter  direction.     It  seems  a  fair  supposition  that  this 

^  Beventeenth  Ann.  Rept.  U.  S.  Geological  Suryey,  part  1,  p.  990. 


540 


F.  G.  CLAPP GLACIAL  PERIOD  IN  NEW  ENGLAND 


shoving  was  produced  by  the  Wisconsin  ice-sheet.  That  the  Augusta  clay  is 
marine  is  proved  by  shells  found  in  it  by  C.  T.  Jackson* {column  19,  pa^rt^ 
520-523).  To  the  argument  that  the  folding  may  have  been  produeeti 
by  a  merely  local  readvance,  the  answer  can  be  made  (a)  that  the  clay  in 
the  Augusta  sections  represents  the  marine  clay  which  was  deposited  when 
the  valley  ice-front  stood  at  least  as  far  north  as  Waterville,  and  (h)  thai 
a  local  ice-advance  after  the  deposition  of  a  considerable  thickness  <»f 
marine  clay  would  presumably  not  have  exerted  so  great  a  power  of  fold- 
ing and  erosion  as  took  place  at  Augusta.  The  general  upper  level  of  the 
clay  at  Augusta  is  200  to  220  feet  above  tide.  Along  the  electric  car 
line  1  to  2  miles  west  of  that  city,  however,  is  a  rather  flat-topi)ed  hill, 
where  clay  similar  to  that  in  the  valley  rises  above  300  feet.  As  tiiij^ 
exposure  was  not  examined  on  foot,  no  definite  statement  can  be  made 
regarding  it,  but  either  (a)  this  must  be  a  still  older  clay  than  the  ordi- 
nary *^igh-lever'  clay,  or  (6)  it  must  have  reached  its  greater  altitude' 
through  ice-shoving. 


Figure   5. — Section   of    Till    (WisconBin)    resting' on   stratified   Band   and    Clay,   near 

Haverhill,  Massachusetts. 

A,  fine  sand.  Interstratifled  with  thin  layers  of  clay,  worked  In  a  brick-yard  one-half 
mile  east ;  B,  clayey,  sandy  till,  containing  boulders  up  to  two  feet  in  diameter ;  C 
ashes,  artificial  filling. 

About  a  mile  east  of  Haverhill,  Massachusetts,  on  the  road  to  Gn»ve- 
land,  is  an  exposure,  part  of  which  is  illustrated  in  plate  57,  figure  1. 
The  upper  bouldery  and  gravelly  till  rests  on  stratified  sand  and  clay,  and 
a  few  feet  distant,  where  the  material  is  more  clayey,  it  is  much  con- 
torted, as  if  by  overriding  ice  (see  figure  5). 

On  the  western  slope  of  ^lunjoy  hill,  Portland,  back  of  the  car-barn,  i- 
a  section  which  shows  over  10  feet  of  Montauk  till  overlain  bv  3  to  5  U< 
of  stratified  and  crumpled  sand  and  day,  which  are  in  turn  overlain  '  • 
12  to  20  feet  of  gravel  (see  figure  6).  It  is  possible  that  the  upper  3  ft-: 
of  the  latter,  which  is  strewn  with  large  boulders,  may  represent  Wi-scm- 
sin  till. 

A  mild  type  of  fold  in  clay  might  be  produced  by  the  melting  away  of 
buried  blocks  of  ice.     It  is  difficult  to  imagine  how  an  overturned  fo'i 


♦  Third  annual  report  on  the  j;w>lo»?y  of  the  state  of  Maine,  X839,  p.  35. 
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like  that  described  on  page  539  could  be  so  produced,  however.  Tn  several 
eases  the  occurrence  of  folds  in  which  the  inclination  of  the  strata  is 
toward  the  south  seem  to  indicate  a  lateral  pressure  from  the  north.  If 
lateral  pressure  was  the  cause,  it  can  hardly  have  been  due  to  anything 
but  ice. 

The  general  assumption  in  the  past  has  been  that  such  instances  were 
due  to  local  readvances  of  the  ice.  If,  however,  the  clay  at  Haverhill, 
Augusta,  Portland,  and  elsewhere  is  of  the  same  age  as  that  in  Portland 
and  Boston  harbors,  as  its  relations  with  the  underlying  clay  and  overly- 
ing gravels  render  probable,  the  evidence  afforded  by  the  subaerial  erosion 
and  oxidation  of  the  clay  surface  must  be  taken  into  account  as  indicat- 


**     o 
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Figure  6. — Section  at  Munjoy  Hillj  Portland,  Maine, 


Showing  contorted  clay  and  its  relations  to  underlying  till  and  overlying  gravels.  A, 
hard,  blue  till,  Montauk ;  B,  stratified  sand  and  clay,  unconformable  on  A ;  C,  coarse, 
stratified  gravel,  resting  unconformably  on  B ;  D,  heterogeneous,  boulder-flUed  and 
boulder-strewn  gravel,  possibly  representative  of  Wisconsin  till. 

ing  a  lapse  of  thousands  of  years  between  the  deposition  of  the  clay  and 
its  folding.  On  the  basis  of  this  kind  of  evidence  it  seems  probable  that 
ice  has  covered  the  greater  part  of  the  surface  of  the  New  England  clays. 
The  absence  of  folding  and  of  deposits  of  till  over  considerable  areas  is 
not  evidence  to  the  contrary,  for  in  Alaska,  where  living  glaciers  are 
seen,  they  have  been  observed  by  F.  E.  Wright  and  others  to  be  at  present 
retreating  in  places  over  clayey  deposits  with  almost  no  deposition  of 
till  and  no  perceptible  erosion  or  folding.  Absence  of  erosion  may  per- 
liaps  be  due  to  the  presence  of  water  above  the  deposits  during  the  ice- 
advance. 

5.  Reworked  upper  part  of  some  clays. — In  most  of  the  clay  pits  which 
have  been  examined  tlie  upper  few  feet  of  clay  is  different  in  character 
from  the  lower  part.     The  upper  5  to  8  feet  is  commonly  unstratified, 
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contains  more  abundant  boulders  than  the  underlying  clay,  and,  so  far  as 
known,  is  destitute  of  fossils.  The  presence  of  boulders  in  this  part  of 
.  the  clay  more  abundantly  than  in  the  lower  part  indicates  that  the  upper 
part  of  the  clay  has  been  reworked  by  the  ice;  in  other  words,  it  is  in 
reality  till. 

A  good  example  of  this  superficial  stratum  is  found  in  Edmester's 
brick-yard  in  Revere,  Massachusetts,  where  the  section  is  as  follows : 

Section  in  Clay  Pit  at  Revere,  Massachusetts 

Material  Feet 

3.  Peat   4 

2.  Buff,  very  stony  till,  with  boulders  up  to  cue  foot  In  diameter 2 

1.  Buff,  blocky  clay,  with  a  few  pebbles C 

Total    U 

Similar  exposures  were  seen  in  other  pits  near  Revere  and  in  L}tiii, 
Saugus,  and  Danvers,  Massachusetts. 

An  important  question  which  must  be  answered  in  every  observation  of 
till  over  clay  is  whether  the  upper  material  is  positively  "till.''  We  know 
that  deposits  of  gravel,  both  angular  and  rounded,  occur  in  places  as  tx?ach 
deposits  overlying  clay,  and  in  such  cases  it  is  frequently  difBcnlt  to  dis- 
tinguish their  true  mode  of  origin.  Certain  till-like  deposits  seen  on 
Mount  Desert  island  and  in  Washington  county,  Maine,  are  of  this  type. 
The  exposures  described  at  Newbur\'port,  Exeter,  and  piany  other  places, 
however,  are  in  situations  where  the  deposits  could  not  have  been  formed 
through  wave  action.  Both  of  these  deposits  are  too  extensive  to  be  ice- 
berg-dropped. It  is  true,  as  has  been  said,  that  the  latest  till  (Wisconsin) 
contains  rounded  pebbles  much  more  abundantly  than  striated  ones,  but 
such  an  occurrence  is  to  be  expected  on  account  of  the  peculiar  nature 
and  relations  of  the  Wisconsin  ice-sheet  (page  545).  Moreover,  while 
striated  boulders  are  not  abundant  in  Wisconsin  till,  they  do  occur,  and 
for  this  reason  Wisconsin  till  on  the  lee  side  of  rock  hills  can  frequently 
not  be  distinguished  in  lithological  characteristics  from  Montauk  till. 
This  is  illustrated  in  numerous  exposures  in  the  vicinity  of  Boston,  where 
the  only  method  of  recognizing  the  till  as  Wisconsin  is  by  its  slighter 
amount  of  oxidation  than  the  Montauk.  In  this  region  the  exceptional 
clavev  nature  of  the  Wisconsin  till  is  due  to  the  movement  of  the  ice  over 
broad  clay  plains  and  Montauk  till  deposits  farther  north. 

6.  Older  topography  and  greater  elevation  of  some  clays  than  of  certain 
clays  believed  to  be  of  Wisconsin  age. — Some  of  the  best  evidence  of  the 
pre-Wisconsin  age  of  the  high-level  marine  clay  is  derived  from  its  dif- 
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ferences  in  elevation  and  topography  from  the  low-level  clays.  Along  the 
coast,  the  latter,  at  Lynn  and  Salem  in  Massachusetts,  Portsmouth  and 
Dover  in  New  Hampshire,  and  at  Eliot,  York,  Saco,  Portland,  Brunswick, 
Eockland,  Bluehill,  Milbridge,  Addison,  and  Lubec  in  Maine,  consist  of 
broad  clay  plains  of  elevations  ranging  from  20  to  80  feet  above  tide. 
These  plains  are  commonly  but  slightly  eroded  and  their  upper  surfaces 
have  a  very  "recent  looking"  topography.  Sometimes  the  clay  is  over^aio 
by  stratified  sand,  but  no  till  and  but  very  little  gravel  is  found  on  it. 
Tliese  plains  are  believed  to  be  of  late  Wisconsin  age. 

One  of  the  striking  features  noticeable  regarding  the  clays  in  general, 
however,  is  the  great  range  in  their  maximum  elevation  at  different  locali- 
ties. Along  the  greater  part  of  the  Maine  coast  and  in  the  Kennebec, 
Penobscot,  and  other  large  valleys  they  present  striking  differences  in 
elevation.  At  Boston  this  level  is  but  a  few  feet  above  tide;  at  Saugus 
and  Danvers,  Massachusetts,  it  is  60  feet ;  at  Ipswich  not  over  60  feet ;  at 
Amesbury  and  Haverhill,  in  the  Merrimac  valley,  70  to  80  feet;  at 
Exeter,  Xew  Hampshire,  100  feet;  at  North  Berwick,  Maine,  120  feet;  at 
Westbrook,  150  feet;  at  North  Yarmouth  and  Gray,  180  feet;  at  Lisbon 
and  Lewiston,  in  the  Androscoggin  valley,  200  feet.;  at  Gardiner,  in  the 
Kennebec  valley,  200  feet.  Thus,  from  Boston  to  the  Kennebec,  there  is 
a  fairly  uniform  rise  toward  the  northeast. 

In  the  Kennebec  valley  the  clays  can  be  traced,  with  short  breaks,  from 
less  than  100  feet  above  tide  at  Bowdoinham  to  200  feet  at  Gardiner,  220 
feet  south  of  Augusta,  320  feet  west  of  Augusta,  200  feet  at  Vassalboro, 
and  180  feet  at  Waterville.  As  far  up  the  valley  as  Skowhegan  marine 
fossils  were  found  by  Jackson  and  Packard.  Beyond  there  the  clays  o<.*cifr 
up  to  200  feet  at  Norridgewock,  300  feet  at  Madison,  and  380  feet 
north  of  Solon;  but  these  may  be  in  part  of  fluvial  or  glacio-fluvial 
origin.  The  apparent  rise  inland  was  at  first  thought  to  be  significant 
and  to  corroborate  a  recent  differential  elevation  of  the  interior  relaiivc 
to  the  coastal  regions,  a  theory  which  was  first  postulated  by  De  Gecr 
in  1892*  and  which  was  indicated  by  the  500-foot  elevations  of  the 
"T^eda  clay"  in  the  Saint  Lawrence  valley. 

Abundant  observations,  however,  showed  that  the  highest  elevations 
fK'Cur  most  abundantly  in  regions  more  or  less  protected  from  erosion,  and 
nevertheless  are  more  eroded  than  the  exposed  clays  along  the  coast  and 
the  lower  river  valleys.  Supplementary  to  this  was  the  discovery,  in  a 
number  of  spots  protected  from  erosion  on  some  of  the  islands  of  the 
Maine  coast,  of  patches  of  marine  clay  above  200  feet.    On  North  Haven 

*  Baron  Girard  De  Oeer :  On  Pleistocene  changes  of  level  In  eastern  North  America. 
Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xxv,  pp.  454-477. 
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marine  fossils  were  reported  by  Packard  up  to  21 T  feet  above  tide. 
Similar  exposures,  although  unfossiliferous,  were  found  bv  the  writer  on 
Mount  Desert  island  up  to  150  feet  above  tide,  and  at  less  elevations  on 
tlie  islands  of  Casco  and  Penobscot  bavs.  Sometimes  a  broad,  little 
eroded  deposit  of  low-level  clay  is  foimd  near  a  local  deposit  of  high-level 
clay,  as  at  Rockland,  Mount  Desert  island,  Bucksport,  and  at  several 
places  near  Portland.  Such  instances  point  to  the  conclusion  that  tin- 
high  level  clays  were  deposited  thousands  of  years  before  the  deposition 
of  the  low-level  clavs  of  the  coast. 

An  interesting  locality  is  in  the  western  part  of  Augusta,  where  clay  i? 
found  up  to  320  feet  on  a  hill  standing  out  from  the  sides  of  the  valley. 
Other  deposits  of  clay  in  the  vicinity  do  not  rise  above  220  to  250  feet 
above  the  sea.  It  is  believed  this  dcfmsit  owes  its  higher  elevation  to  ihe 
shoving  action  of  ice. 

7.  Occurrence  of  overlying  buried  soils. — Tn  1872  Dawson  described  an 
occurrence  of  peat  underlying  till  in  Cape  Breton,*  and  this  was  referred 
to  by  Hitchcock  in  1878  and  1888.t 

No  similar  exposures  have  been  observed  in  Xew  England,  and  it  seem? 
probable  that  most  soils  were  removed  by  the  severe  glaciations  to  which 
the  region  was  subjected.  At  Salisbury  Beach  a  "quagmire"  is  re]><'rh*<l 
beneath  clay  50  feet  below  the  surface  in  well  records,  but  its  exaet 
nature  is  not  known.  At  Portland  a  series  of  well  records  and  sample? 
has  been  seen  where  the  submarine  clav  is  overlain  di recti v  bv  a  bed  of 
peaty  matter  rising  to  about  30  feet  below  low-water  mark.  This  bed  is 
described  on  page  534.  As  the  peat  fills  the  channels  in  the  clay,  vvliich 
has  been  eroded  to  a  depth  of  55  feet  since  the  deposition  of  the  latter, 
there  seems  good  evidence  of  an  extended  elevation  and  subsidence  of  the 
land  preceding  the  present  epoch. 

WISCOyfilN  TILL 

General  description. — The  great  mass  of  the  till  in  New  England  i- 
the  !Montauk  boulder-clay,  described  on  pages  524-526.  Over  most  of  the 
region  there  is  another  type  of  till,  overlying  the  Montauk  and  consistin«r. 
as  a  rule,  of  a  heterogeneous  deposit  of  gravel,  boulders,  and  sometimes  a 
little  clay.  The  common  appearance  of  these  deposits  is  illustrated  in 
plate  57,  figure  1,  where  a  bed  of  stratified  sand  can  he  seen  underlvinj: 
the  till.  As  a  rule,  this  ty])e  of  till  contains  much  less  clay  than  d^x^-* 
the  AFontauk  tvne.     Ft  is  known  to  form  the  surface  nearlv  ever\'where 

■■1  •  «■ 


•  Canadian  NaturaHst,  second  series,  vol.  vl,  p.  178. 

t  Supplement  to  the  second  edition  of  Acadian  Geology,  pp.  27-28.     Report  of  the  sub 
committee  on  the  Quaternary  and  Recent.     American  Geologist,  vol.  11,  pp.  SOO-306. 
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except  on  top  of  the  Wisconsin  sand,  gravel,  and  clay  plains.  In  thickness 
it  ranges  from  a  few  inches  to  40  feet,  but  is  commonly  only  3  to  6  feet. 
This  surficial  type  of  till  is  believed  to  be  Wisconsin  in  age. 

Evidence  of  Wisconsin  age. — The  evidence  that  this  till  is  of  Wiscon- 
sin age  is  fivefold,  namely : 

1.  It  is  the  uppermost  till  in  the  region. 

2.  It  is  different  in  character  from  underlying  tills. 

3.  It  is  underlain  in  many  places  by  stratified  deposits  of  sand,  gravel, 
and  clay. 

4.  As  a  rule,  it  is  but  slightly  oxidized  at  the  surface. 

5.  In  many  exposures  there  are  veneers  of  this  till  over  Montauk  type 
of  till. 

1.  Uppermost  till  in  the  region. — This  statement  explains  itself,  and 
has  heretofore  led  to  the  belief  that  all  the  New  England  till  was  Wis- 
consin. 

2.  Difference  in  character  from  lower  tills.*— The  upper  till  in  most 
places  is  very  different  in  character  from  the  Montauk  type.  As  stated 
above,  it  is  loose  and  more  gravelly  and  its  boulders  are  seldom  well 
striated.  Its  character  is  to  a  greater  extent  dependent  on  the  character 
of  the  underlying  drift  formations.  For  example,  over  a  large  part  of  the 
town  of  Standish,  south  of  Sebago  lake,  Maine,  the  surface  till  is  very 
sandy  and  gravelly,  appearing  more  like  what  has  been  generally  classed 
as  morainal  material.  In  other  places,  as  over  some  of  the  high-level  clay 
plains  in  southern  Maine,  the  upper  few  feet  consist  of  an  unstratified 
and  frequently  rather  sandy  type  of  clay  containing  more  numerous 
boulders  than  does  the  lower  part.  This  is  believed  to  be  clay  which  has 
been  reworked  by  the  overriding  ice  and  is  in  reality  till.  Generally  no 
distinct  line  of  demarkation  from  the  underlying  clay  can  be  seen,  but 
where  the  upper  zone  is  readily  recognizable  as  till  it  is  in  most  places 
very  clayey.  Few  boulders  are  sec^n  over  the  broad  expanses  of  clay  plains, 
but  a  significant  fact  is  that  in  the  lee  of  some  rock  hills  boulders  are 
numerous.  Moreover,  by  far  the  greater  proportion  of  material  in  all  till 
is  of  local  origin. 

These  facts  can  be  explained  on  the  assumption  that  the  Montauk 
sheet,  like  the  Wisconsin  ice-sheet,  left  in  its  retreat  glacial  lakes  in  which 
sand  plains,  moraines,  and  other  deposits  were  formed.  When,  after  the 
elapse  of  some  thousands  of  years,  the  Wisconsin  ice-sheet  extended  south- 
ward over  these  retreatal  deposits  it  must  have  incorporated  large 
amounts  of  the  interglacial  sands  and  water-worn  gravels. 

A  characteristic  of  till,  in  New  Plngland  and  elsewhere,  is  its  depend- 
ence in  composition  to  a  certain  extent  on  the  composition  of  the  under- 
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lying  formations.  Where  the  Wisconsin  ice  moved  over  the  great  sand 
and  gravel  plains  of  Long  island  its  deposits  consisted  chiefly  of  gravt  I. 
In  Xew  York,  Pennsylvania,  and  Xew  England  the  boundary  of  a  sand- 
stone outcrop  can  often  be  located  very  closely  by  the  abrupt  appearance 
of  a  large  proportion  of  sandstone  boulders  in  the  drift.  On  mount 
Katahdin,  Maine,  a  mountain  of  solid  granite,  the  most  careful  search 
fails  to  find  a  trace  of  foreign  drift ;  nevertheless  the  topography  of  tlie 
mountain  shows  that  the  ice  has  passed  nearly,  if  not  entirely,  over  it. 
The  movement  of  the  ice  was  even'where  so  slow  that  it  seems  to  have 
incorporated  boulders  of  the  underlying  rock  and  often  deposited  them 
within  a  few  hundred  feet  of  their  parent  ledges.  The  greater  proportion 
of  gravel  and  of  rounded  material  in  the  Wisconsin  ice  is  thus  explaine<l 
by  the  abundance  of  gravel  in  the  pre-Wisconsin  retreatal  deposits.  Tlii:^. 
like  the  boulders,  was  scooped  up  and  sometimes  deposited  within  a  short 
distance  of  its  original  resting  place.  In  the  same  way,  ice  in  passing 
over  a  clay  plain  can  take  dap  nothing  but  clay,  and  when  it  retreats  tho 
clay,  wuth  its  incorporated  gravel  and  boulders,  is  deposited  largely  witliin 
the  boundaries  of  the  original  deposit.  In  a  vertical  cut  the  reworkc.l 
portion  of  pre-Wisconsin  clay  is  generally  distinctly  visible  in  the  fonn 
of  a  non-stratified  and  non-fossiliferous  upper  portion,  5  to  8  feet  in 
thickness,  which  contains  more  abundant  boulders  and  is  somewhat  more 
sandy  than  the  stratified  clay  below. 

As  the  ^[ontauk  till  was  very  thick  in  places,  its  retreatal  deposits  must 
have  betm  of  great  bulk.  We  should  naturally  expect  to  find  the  Wiscon- 
sin till  composed  largely  of  apparently  imglaciated  and  little  glaciatetl 
material,  as  is  actually  the  case.  In  such  localities  as  on  the  south  side 
of  Sebago  lake,  from  which  the  ice  must  have  scooped  up  large  quantities 
of  gravel,  we  should  expect  to  find  an  extremely  gravelly  type  of  till,  such 
as  is  actuallv  found  there. 

3.  Occurrence  of  underlying  stratified  deposits. — The  classic  paper  on 
till  underlying  stratified  deposits  in  this  region  is  the  report  by  Marbut 
and  Woodworth  on  the  clays  about  Boston.*  A  few  additional  cases,  in 
Revere,  Chelsea,  and  Everett,  were  described  in  1902  by  Brown. f  In 
many  places  throughout  northeastern  Xew  England  similar  exposure> 
have  been  seen  which  show  stratified  deposits  underlying  till  of  Wisconsin 
type.  Examples  of  clays  having  these  relations  are  given  on  pages  530- 
5)59.  A  few  instances  of  sands  and  gravels  underlying  the  Wisconsin  till 
are  as  follows : 

In  a  small  roadside  excavation  west  of  lake  Auburn,  Maine,  a  dep<i^it 
of  verv  stonv  till  was  seen  restinjr  on  stratified  sand. 


•  Seventeenth  Ann.  Rept.  U.  S.  Geological  Survey,  part  1,  pp.  989-1004. 
t  R.  M.  Brown  :  Am.  Jour.  Scl.,  fourth  series,  vol.  xlv,  pp.  445-450. 
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In  a  road-cut  1^  miles  east  of  Gorham,  Maine,  about  5  feet  of  bouldery 
till  were  seen  resting  on  2  feet  of  stratified  sand. 

Along  the  Wiscasset,  Waterville  and  Farmington  railroad  good 
exposures  of  till  over  gravel  were  seen. 

In  Whitneyville,  near  Machias,  Maine,  a  section  shows  2  feet  of  stony 
till  overlying  sand.  A  sand  plain  one-half  mile  or  more  in  extent  at  this 
place  is  covered  with  large  boulders,  giving  the  appearance  of  Wisconsin 
till. 

In  Columbia  Falls,  Maine,  1  to  5  feet  of  till  containing  boulders  up  to 
3  feet  in  diameter  rests  on  sand. 

The  following  section  was  seen  at  Brewer,  Maine,  in  a  gravel  pit  a 
short  distance  above  the  bridge  across  the  river : 

Section  at  Brewer,  Maine 

Material  Feet 

3.  Semi-stratlfled  clay,  perhaps  somewhat  reworked 5 

2.  Tin  very  full  of  boulders  up  to  2  feet  In  diameter 6 

1.  Horizontally  stratified  sand  and  gravel 35 

Total 4G 

At  East  Orland,  Maine,  a  well  starting  on  a  slope  thickly  strewn  with 
large  boulders  was  drilled  through  87^^  feet  of  sand,  striking  clay  and 
obtaining  a  large  amount  of  water. 

A  number  of  wells  dug  and  drilled  elsewhere  in  Maine  report  quick- 
sand beneath  the  till  which  forms  the  surface. 

In  an  exposure  in  Lynn,  one-half  mile  north  of  East  Saugus,  Massa- 
chusetts, there  is  a  section  of  partially  stratified  gravel  upturned  at  an 
angle  of  30  degrees  and  overlain  by  2  to  6  feet  of  till.  The  gravels, 
although  of  a  type  that  would  ordinarily  be  called  morainal,  appear  to 
have  been  originally  horizontal,  like  those  commonly  found  in  sand 
plains  and  to  have  been  contorted  by  overriding  ice  which  deposited  the 
till  over  them  (see  figure  7). 

In  a  gravel  pit  one-half  mile  west  of  Danversport,  Massachusetts,  2  to 
8  feet  of  gravelly  till  were  seen  overlying  10  to  20  feet  of  horizontally 
stratified  sand. 

On  page  515  a  section  at  South  Lawrence,  Massachusetts,  was  de- 
scribed, in  which  1  to  6  feet  of  till  overlie  2  to  5  feet  of  stratified  sand, 
which  in  turn  overlies  older  till  (figure  2). 

4.  Slight  surface  oxidation. — Wliile  the  drumlin  sections  and  other 
exposures  of  thick  till  of  the  Montauk  type  are  normally  yellowed  by  the 
effects  of  oxidation  to  a  depth  of  10  to  20  feet  from  the  surface,  the 
upper  till,  notwithstanding  its  being  looser  ^nd  more  pervious,  is  never 


548 


F.  Q.  CLAPP—- GLACIAL  PERIOD  IN  NEW  ENGLAND 


weathered  over  2  to  5  feet  from  the  surface.  Many  instances  have  been 
observed,  but  a  few  will  suffice  as  examples. 

In  Orange,  Franklin  county,  Massachusetts,  on  the  road  to  Warwick, 
there  is  an  excellent  road  section  showing  several  feet  of  clayey  till  of 
Montauk  type,  but  that  it  is  probably  of  Wisconsin  age  is  shown  by  the 
fact  that  it  is  yellowed  only  1  to  2  feet  at  the  top  and  has  a  sharp  line  of 
demarkation  from  the  unoxidized  blue  till  below. 

Along  the  Boston  and  Albany  railroad  just  east  of  Palmer,  Hampden 
county,  Massachusetts,  a  new  excavation  in  1906  showed  3  to  5  feet  of 
yellowed  till,  below  which  it  is  blue. 

At  Arlington  Heights,  near  Boston,  sections  of  till  have  been  seen  which 
were  only  oxidized  about  2  to  3  feet. 


FiouBB  7. — Section  of  Till  overlying  atraUfled  and  tilted  GraveU,  L4fnn,  MassachusettB. 

A,  fine  stratified  gravel ;  B,  poorly  stratified  gravel,  with  some  boulders  up  to  6 
Inches  in  diameter ;  C,  somewhat  stratified  sand  and  clay ;  D,  unstratified  gravel  and 
clay,  perhaps  till ;  E.  heterogeneous  deposit  of  sand,  gravel,  and  boulders,  probably  till : 
F,  hard  gravelly  till,  Wisconsin. 

One  mile  northwest  of  Milbridge,  Maine,  a  10-foot  section  of  till 
showed  only  1  to  ly^  feet  of  oxidation. 

On  Ocean  drive,  Mount  Desert  island,  between  Bar  Harbor  and  Ottar 
cliff,  are  a  number  of  6  to  10-foot  sections  of  till,  of  which  2  to  5  feet  at 
the  surface  are  yellowed. 

Midway  between  the  villages  of  Deer  Isle  and  South  Deer  Isle,  Elaine, 
is  a  10-foot  section  which  is  oxidized  only   18  inches  at  the  top. 

On  the  north  side  of  Little  Chebeague  island,  Casco  bay,  is  a  nearly 
vertical  40-foot  bluff  of  till  which  is  oxidized  onlv  2  to  3  feet. 

Four  miles  south  of  Calais,  Maine,  there  is  a  section  of  till  which  is 
oxidized  only  3  to  5  feet,  the  rest  of  the  exposure  being  blue  in  color. 

5.  Veneers  of  this  till  over  Montauk  till. — In  certain  localities  this  till 
is  very  typical  and  can  be  easily  distinguished  from  the  lower  (Montauk) 
type  of  till.    A  good  section  of  tliia  kind  can  be  seen  on  the  north  side 
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of  Great  Boars  head,  Xew  Hampshire,  where  a  cliff  20  feet  high  is  well 
exposed  on  a  small  drumlin-like  hill.  The  lower  10  to  12  feet  is  a  hard 
clayey  till  (Montauk)  containing  boulders  up  to  2  feet  in  diameter.  The 
upper  surface  of  this  till  is  yellowed  to  a  depth  of  2  to  5  feet.  On  top  of 
this  rests  a  looser,  heterogenous  deposit  consisting  of  sand  mixed  with 
gravel  and  boulders  up  to  5  feet  in  diameter.  The  two  types  of  deposit 
are  separated  by  a  sharp  line  of  demarkation,  which  is  somewhat  irregular, 
but  slopes  westward  with  the  surface  of  the  hill.  Part  of  this  cliff  is  -lO 
feet  high,  but  this  part  is  not  well  exposed. 

The  exposures  on  Great  Boars  head  and  Little  Boai's  head  (figure  4) 
are  examples  of  a  veneering  of  rather  gravelly  till  which  forms  the  sur- 
face of  most  drumlins,  although  the  coating  is  seldom  so  well  marked  and 
never  so  well  exposed  elsewhere.  In  many  cases  the  two  types  of  till  can 
not  be  distinguished.    In  other  cases  the  upper  one  is  distinctly  banded. 

In  a  railroad  cut  at  tlie  eastern  end  of  a  drumlin  one-half  mile  north  of 
Revere  station,  on  the  Boston  and  Maine  railroad,  in  Massachusetts,  a 
section  was  seen  where  a  superficial  gravelly  till  rests  on  an  underlying 


FiGUiiE  8. — Sevtian  of  Railroad  Cut  through  end  of  Drumlin,  Revere,  Massachuaettt. 

Showlns  dike  of  Wisconsin  till  In  Montauk  till.     A,  concealed;  B,  bouldery,  clayey  till; 

C,  more  gravelly  and  less  clayey  till. 

clayey  till,  and  the  upper  till  forms  a  dike  about  3  feet  deep  and  several 
inches  wide  in  the  older  till.  The  contact  between  the  two  tills  is  very 
sharp  (see  figure  8). 

Other  cases  of  veneering  of  more  recent  till  over  older  till  were  seen  on 
North  ridge,  Ipswich,  Massachusetts,  and  on  several  drumlins  south  of 
Boston. 

Drumlins  are  believed  to  antedate  pre-Wisronsin  clay, — The  veneering 
of  gravelly  till  is  believed  to  explain  certain  peculiar  relations  of  the 
clavs  to  drumlins  in  northeastern  Massachusetts.  These  relations  are: 
That  although  the  marine  brick  clays  have  been  seen  to  rest  on  till  of 
^fontauk  or  drumlin  iyjye  at  many  points,  the  clays  are  just  as  certainly 
overlain  by  till  in  certain  places  which  have  been  observed.  Marbut  and 
Woodworth*  have  described  many  cases  in  Cambridge,  Somerville,  Saugus, 
Revere,  and  Medford  where  till  has  been  seen  to  overlie  stratified  clav. 


*  op.  cit.,  pp.  995  et  aeq. 
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Those  writers  believed  that  the  dnunlinB  rested  on  the  brick  clay — au 
assumption  which  would  make  the  claj'  pre-Montauk.  Several  clay  pits 
in  Chelsea,  Everett,  and  Medford  have  been  excavated  directly  up  to  the 
base  of  drumlins,  and  several  feet  of  till  overlie  the  clay  there,  A  good 
example  occurs  in  an  old  pit  at  the  north  end  of  Winter  hill,  Medford, 
where  the  overlying  till  contains  boulders  up  to  3  feet  in  diameter,  it 
can  be  confidently  stated  that  the  upper  portion  of  the  till  rests  on  the 
clay.     This  till,  being  the  latest  deposit,  is  assumed  to  be'Wiaconsin. 

Mr  B.  F.  Smith,  a  prominent  well-driller  of  Boston,  repudiates  the 
assumption  that  the  dnimlins  are  later  than  the  clay,  as  some  of  his 
wells,  sunk  on  the  clay  plain  near  the  bases  of  drumlins,  reach  the  bottom 
of  the  clay  within  a  few  feet  and  enter  "hardpan"  corresponding  to  the 
"toe"  of  the  dnimlin.  He  states,  moreover,  that  not  in  his  experience  has 
a  well  drilled  on  a  drumlin  entered  clay  below  it.    In  several  cases,  aa  in 


FiOL'KE  9. — Btetfh  thoirlng  urobable  Hclationi  of  Clay  to  Dnmllni  near  Bmlon,  Ma—a- 

A-B.  marloe  claj ;  W-8.  iilo|ie  of  drumUif  surfHCP :  W-T.  upp*r  surface  of  MooUuk 
till:  8,  sewer  eicavslion  ttcnr  liaxe  or  drumlin.  passlog  Ibroiigb  lUI  Into  cliT,  accordliiK 
lo  Marliul  and  n'oodA-ortli :  C-C.  well  on  clay  bol  far  rrom  drumlin.  pasBloK  thronsh 
clay  Into  1111.  according  tu  Smltb :  W-S.  WlwunslD  till. 

wuIIm  (IrilliKl  on  drumlins  at  Hull  and  Winter  hill,  Massachusetts,  the 
drumlin  till  has  been  found  to  extend  to  bi'd-rock.  If  the  theorj-  of  the 
post-llonlauk  age  of  the  clay  be  true,  Woodworth'a  observations  can  bi' 
ex]»lained  as  follows  (figure  9) : 

In  the  sketch,  A-B  is  the  clay  plain;  C-C  is  a  well  sunk  through  the 
clay  inlo  the  underlying  till;  S  (not  observed  on  the  same  drumlin,  how- 
ever), is  a  sewer  excavation  which  penetrates  till  into  the  underlying  clay ; 
W-S  is  veneer  of  Wisconsin  till  which  adds  a  few  feet  to  the  height  of 
the  drumlin  W-T  and  extends  out  a  short  distance  on  the  underlying  clay 
plain. 

In  view  of  the  fact  that  the  till  found  in  the  bottom  of  clay  pits  near 
the  base  of  drumlins,  and  which  is  reported  in  deep  wells  sunk  in  the  clay, 
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can  not  be  seen  positively  to  merge  with  the  drumlin  till,  there  is  a  possi- 
bility that  one  of  them  is  a  third  till,  and  that  the  clays  extend  under 
the  drumlins  in  some  cases.  This  supposition  is  improbable  for  the 
reason  that  where  the  till  underlying  the  clay  has  been  seen  it  can  not  be 
distinguished  in  character  from  that  of  the  drumlins,  and  also  because 
it  is  found  in  locations  where  it  appears  to  slope  upward  and  merge  with 
the  drumlin  surface  underlying  the  Wisconsin  till.  However  this  may 
be,  a  till  which  -is  in  every  respect  like  the  drumlin  till  and  apparently 
identical  with  it  underlies  these  clays,  and  no  evidence  has  been  found 
that  it  is  different  from  the  drumlin  till. 

Another  possible  explanation  for  the  discrepancy  in  observations  is  that 
there  may  be  drumlins  of  both  Montauk  and  Wisconsin  ages,  but  in 
^fassachusetts  all  drumlins  are  so  similar  in  characteristics  that  none  of 
them  are  believed  to  be  Wisconain.  At  a  number  of  points  on  the  Maine 
coast  manv  miles  farther  northeast  than  the  farthest  known  drumlin  of 
the  type  found  in  Massachusetts  and  Xew  Hampshire,  a  few  low  lenticular 
hills  of  till  have  been  seen  which  may  belong  to  a  different  series  from 
those  in  Massachusetts  and  New  Hampshire.  The  best  examples  of  this 
eastern  type  form  small  islands  in  Penobscot  and  Bluehill  bays. 

Distinction  from  beach  deposits, — Wisconsin  till  is  distinguished  from 
beach  gravel  by  the  fact  that  it  seldom  shows  signs  of  having  been  assorted 
by  water,  that  large  boulders  are  found  in  it  far  from  their  source,  that 
these  are  occasionally  striated,  and  that  the  material  is  found  in  many 
l(K'alitie8  far  inland  and  in  topographic  situations  where  beaches  could 
not  be  formed.  In  several  places  true  ancient  beach  deposits  have  been 
seen,  but  they  are  all  on  exposed  hillsides  and  the  deposit  in  each  case 
corresj)ond8  with  a  slight  bench.  The  materials  believed  to  be  Wisconsin 
till  show  no  such  distribution  or  topography,  but  are  irregularly  distrib- 
uted. 

Distinction  from  iceherg-dropped  material. — In  cases  where  a  material 
is  irregularly  distributed  and  so  frequently  contains  large  boulders  as  the 
\Visconsin  till,  it  is  pertinent  to  inquire  whether  it  may  not  be  iceberg- 
dropped  in  origin.  It  is  true  that  in  some  places  the  resemblence  to 
material  that  might  have  been  dropped  from  icebergs  is  striking.  In 
most  exposures,  however,  only  a  small  part  of  the  deposit  consists  of 
l)oulders,  and  the  mass  forms  a  fairly  regular  layer  a  few  feet  in  thick- 
ness with  a  rather  even  upper  surface,  while  iceberg-dropped  material 
would  be  expected  to  be  more  irregular  in  thickness  and  distribution. 
^Moreover,  in  the  case  of  Augusta  exposures,  the  folding  and  erosion  are 
evidence  against  any  mode  of  formation  except  deposition  from  moving 
ice. 
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StricB  of  diverse  directions. — In  a  discussion  of  the  deflection  of  stria 
in  the  vicinity  of  Boston,  Upham  *  shows  that  while  the  prevailing  strike 
of  the  glacial  striae  in  Somerville  and  vicinity  is  south  20  to  30  degrees 
east,  the  drumlins  in  the  Boston  hasin  are  all  aligned  with  their  major 
axes  striking  south  45  to  70  degrees  east.  A  few  fainter  and  shorter 
cross-striae  strike,  however,  south  80  degrees  east,  south  30  degrees  west, 
and  in  other  directions.  Upham  explains  this , discrepancy  (page  41)  bv 
the  hypothesis  that  the  drumlins  were  deposited  near  the  close  of  the 
glaciation  (supposed  by  him  to  be  Wisconsin),  and  that  at  that  time  the 
ice  was  moving  moa*  eastwardl}'  than  during  the  time  of  greatest  frigidity. 
The  fainter  striae  are  explained  by  local  divergence  in  the  direction  of  the 
ice  during  its  later  stages,  when  it  was  more  dependent  on  the  configura- 
tion of  the  surface. 

Deflected  striae  have  been  observed  by  the  present  writer  and  other  })€r- 
sons  at  many  points  in  ^Fassachusetts  and  Maine,  and  are  usually  ex- 
plained as  Upham  has  explained  those  near  Boston.  The  diverse  strike 
of  the  drumlins,  however,  can  be  as  satisfactorily  explained  by  the  prol>- 
ability  of  their  having  been  formed  at  a  stage  previous  to  that  of  mo>t 
abundant  stria;.  If  the  principal  striae  are  Wiscnmsin,  the  probable  Mon- 
tauk  age  of  the  drumlins  would  l)e  corroborated,  and  some  of  the  diven^^.' 
striiE  might  be  of  Montauk  age.  A  careful  investigation  of  the  direction^ 
of  striae  and  of  the  relative  age  of  main  and  deflected  strise  throughout 
the  region  would  doubtless  throw  valuable  light  on  this  subject. 

As  the  present  writer  has  not  had  time  to  fully  investigate  the  matter 
of  striae  in  the  field,  he  does  not  fei»l  qualified  to  discuss  it  further.  It 
would  seem  important  to  compare  the  strike  of  drumlin  axes  with  striae 
found  below  drumlin  till  where  it  rests  on  bed-rock. 

WISCOXSIN  RETRBATAL  DEPOSITS 

If  the  theory  of  glacial  complexity  be  correct,  the  Wisconsin  retreatal 
deposits,  as  recognized  in  the  new  interpretation  of  phenomena,  will 
include  the  ordinary  kames,  moraines,  eskers,  sand  plains,  and  irregular 
deposits  commonly  grouped  under  that  class,  with  the  following  important 
exceptions : 

In  many  cases  deposits  of  till  have  been  found  overlying  the  above 
mentioned  types.  It  seems  probable  that  only  a  part,  and  perhaps  a  ven" 
small  part,  of  the  retreatal  deposits  hitherto  classed  as  Wisconsin  belong 
in  reality  to  that  stage.  It  is  believed  that  many  of  the  iiTegularifie> 
and  hitherto  inexplicable  phenomena  in  the  arrangement  of  sand  plain? 

•  Proc.  Boston  Soc.  Nat.  Hfsl  .  vol.  xxvi,   1805,  pp.  3.1-42. 
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and  other  deposits  of  modified  drift  are  due  to  the  fact  that  they  are 
actually  Montauk  retreatal  deposits  formed  in  Montauk  glacial  lakes.  If 
this  be  true  it  may  place  a  new  interpretation  on  many  phenomena  ob- 
served in  the  study  of  sand  plains  and  glacial  lakes.  As  yet  there  are  no 
stated  criteria  by  which  plains  of  the  two  series  can  be  definitely  dis- 
tinguished, except  where  overlying  deposits  of  till  occur. 

WJ8C0N8IN  CLAT8 

As  has  been  said,  many  of  the  flat  clay  plains  along  the  coast  ("low- 
level"  clays)  are  certainly  of  Wisconsin  age.  As  they  overlie  the  older 
clays  in  places  and  are  similar  in  character,  having  been  formed  under 
similar  retreatal  or  interglacial  conditions,  the  several  clay  deposits  can 
not  be  distinguished  with  certainty.  It  is  known  that  fossils  occur  in  the 
pre-Wisconsin  clays,  but  their  absence  in  the  Wisconsin  clays  has  not  been 
proved.  Some  clays  are  very  fossiliferous,  like  those  at  Eliot,  which  are 
almost  certainly  Wisconsin.  There  seems  to  be  no  reason  to  expect  that 
Wisconsin  clays  would  be  destitute  of  fossils,  any  more  than  clays  form- 
ing in  the  bays  at  the  present  time.  As  the  lapse  of  time  between  the 
two  stages  of  glaciation  was  not  sufficient  to  cause  any  radical  changes  in 
the  species,  there  is  probably  no  way  to  differentiate  the  post-Gardiner 
clays  on  t*he  basis  of  their  fossils.  As  they  can  not  be  differentiated  by 
lithologic  character,  we  must  depend  wholly  on  their  stratigraphic  posi- 
tion, amount  of  weathering,  and  topography,  as  explained  on  pages 
531-544. 

POST-WI8€()N8IN  OR  LATE   WieC0N8JN  DEP081Ta 

In  many  parts  of  Maine  there  are  evidoncos  of  local  valley  glaciers  of 
post-Wisconsin  or  late  Wisconsin  age.  Those  are  most  pr^nonncf^d  in  the 
vicinity  of  mount  Katahdin.  That  several  valleys  on  the  northern  slope  of 
that  mountain  are  shown  by  the  position  of  moraines  to  have  been  occu- 
pied by  local  glaciers  was  proved  by  Tarr.*  In  the  region  southeast  of 
the  mountain  more  widelv  distributed  evidences  are  found,  which  consist 
chiefly  of  moraines  formed  entirely  of  large  granite  boulders  of  the  type 
found  on  mount  Katahdin.  As  the  strike  of  the  glacial  striae  in  north- 
eastern Maine  is  directly  south,  and  as  the  granitic  moraines  are  found 
both  south  and  southeast  of  the  mountain,  it  seems  probable  that  the 
material  was  deposited  by  glaciers  of  post- Wisconsin  or  late  Wisconsin 
age  moving  outward  and  south  or  southeastward  from  mount  Katahdin 

*  R.  S.  Tarr:  Glaciation  of  mount  Katahdin,  Maine.  Tliill.  (jeol.  Koo.  Am.,  vol.  11, 
IIKK),  pp.  433-448. 

XLVIII— Bull.  Geol.  Soc.  A.m  ,  Vol.  |h    \\mh\ 
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as  a  local  center.  The  glaciers  may  have  extended  20  miles  or  more  from 
the  mountain.  Evidences  of  similar  local  glaciers  have  been  discovered 
by  Hitchcock  *  in  the  White  mountains  of  New  Hampshire  and  the  Green 
mountains  of  Vermont,  and  by  Kich  f  in  the  Catskill  mountains  of  New 
York. 

ARGUMENTS  OPPOSING  THE  OSCILLATING  ICB-FRONT  THEORY 

The  principal  objection  advanced  to  the  views  outlined  in  this  paper 
has  been  the  claim  that  the  phenomena  could  all  be  explained  by  the 
theory  that  the  Wisconsin  ice-sheet  had  an  oscillating  margin,  a  supposi- 
tion which  apparently  would  obviate  the  necessity  of  postulating  any  pn^ 
Wisconsin  glacial  or  interglacial  epochs.  While  it  is  true  that  many  of 
the  features  observed  could  be  explained  in  that  way,  and  the  probability 
still  remains  that  such  may  be  the  origin  of  some  slight  deformations 
and  of  certain  instances  of  till  over  local  stratified  deposits,  the  following 
facts  oppose  the  belief  that  an  oscillating  ice-front  could  be  responsible 
for  the  great  majority  of  phenomena  observed : 

1.  Some  of  the  deformations  of  stratified  beds  are  on  a  larger  scale 
than  any  likely  to  be  produced  by  a  merely  local  re-advance. 

2.  Many  exposures  of  till  overlying  marine  clay  and  of  contorted  clay 
are  situated  scores  of  miles  south  of  the  northern  limit  of  the  high-level 
clays,  and  the  fact  that  the  ice  must  have  retreated  sufficiently  to  allow 
deposition  of  these  clays  before  the  re-advance  took  place  means  a  consid- 
erable time  interval. 

3.  The  common  weathered  zone  at  the  top  of  the  sand  or  clay  and 
below  the  overlying  till  could  be  caused  only  by  an  interglacial  period  of 
some  thousands  of  years.  The  deep  weathering  and  other  features  of  the 
oldest  tills,  described  on  pages  514-516  and  525-526,  preclude  the  proba- 
bility of  their  having  been  formed  during  Wisconsin  oscillations. 

4.  Under  the  oscillation  theory  it  is  impossible  to  account  for  the 
prevalence  of  the  unstratified  sandy  or  stony  upper  portion  of  the  high- 
level  clays. 

5.  If  the  hypothesis  of  oscillating  ice-front  and  post-Wisconsin  age  of 
all  the  clays  were  true,  it  would  be  necessan'  to  explain  the  weatherinj: 
and  erosion  of  the  high-level  clays  on  the  basis  of  a  post-Wisconsin  rise 

•  C.  H.  Hitchcock  :  Proc.  Am.  Arsoc.  Adv.  8cl..  vol.  xlll,  1859,  pp.  S29-335 ;  Prelim- 
inary Report  on  Nat.  Hist,  and  Geol.  of  Maine  (Sixth  Ann.  Kept.  Maine  Board  of  ActI- 
culture,  1861).  p.  393;  fJeoloffy  of  New  Hampnhlre.  vol.  1,  1874.  pp.  539-544:  Proc.  Am 
Assoc.  Adv.  Rcl.,  vol.  xxlv,  part  2,  1875.  pp.  92-96;  Goolopy  of  New  Hampshire,  vol.  lil. 
1878.  pp.  181-340 ;  Bull.  Geol.  Soc.  Am.,  vol.  7,  1896,  pp.  3,  4. 

t  J.  L.  Rich :  Local  glactatlon  In  the  Catsklll  mountains.  Journal  of  Geology,  vol. 
zlv,  1906.  pp.  113-121. 
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of  land  to  a  height  of  60  feet  or  more,  and  a  subsequent  subsidence  before 
the  deposition  at  Boston,  Portland,  and  elsewhere  of  the  overlying  plains 
of  sand  and  gravel  having  every  characteristic  of  retreatal  deposits,  and 
which  themselves  have  been  elevated  and  considerably  eroded  since  their 
formation. 

6.  Glacial  periods  have  existed  in  many  parts  of  the  world,  and  have 
extended  in  geological  time  from  the  Cambrian  to  the  Recent ;  Pleistocene 
ice-ages,  where  they  occur  outside  New  England,  are  nearly  always  recog- 
nized as  several  in  number;  in  New  England  the  land  surface  is  much 
more  diversified  and  mountainous  than  elsewhere  in  the  glaciated  por- 
tions of  this  cotmtry,  and  consequently  more  favorable  to  the  recurrence 
of  glacial  conditions.  Therefore,  is  it  not  to  be  expected,  even  on  a  theo- 
retical basis,  that  a  similar  sequence  of  events  has  transpired  here? 

Summary 

To  summarize,  there  seems  to  be  good  evidence,  derived  from  the  classes 
of  phenomena  noted  on  page  512  and  exj)lained  on  subsequent  pages, 
that  New  England,  like  the  rest  of  the  glaciated  regions  of  North  Amer- 
ica and  Europe,  has  been  subjected  to  several  glacial  invasions.  The 
sequence  of  deposits  is  as  outlined  opposite  page  512,  and  it  is  l)elieved 
that  they  represent  three  glacial  and  two  interglacial  stages.  The  latest 
glacial  stage  that  covered  the  whole  region  probably  corresponds  very 
closely  with  the  Wisconsin  glaciation  of  the  middle  West.  Whether  or 
not  the  Montauk  glaciation  occurred  simultaneously  with  the  Illinoisan 
and  >vhether  the  pre-Montauk  tills  here  are  Kansan  or  pre-Ivansan  in 
age  or  still  older  is  only  speculation.  Judging  from  the  similarity  of 
su(.'cession,  however,  there  would  seem  to  be  a  fair  degree  of  probability 
tliat  the  Montauk  glaciation  occurred  some  time  near  the  Illinoisan. 
The  great  extent  to  which  weathering  has  gone  in  some  of  the  older  de- 
posits would  seem  to  place  their  date  of  origin  more  nearly  with  the  pre- 
Kansan  than  with  the  Kansan. 

The  great  difficulty  in  any  attempted  correlation  between  the  East  and 
the  West  arises  through  the  absence  of  anything  definite  in  the  nature  of 
lowan  deposits.  It  is  true  that  the  main  pre-Wisconsin  deposit  of 
marine  clay  probably  took  place  at  about  lowan  time,  and  that  its  topo- 
graphic and  structural  relations  are  rather  similar  to  those  of  the  water- 
laid  types  of  lowan  loess  in  the  Mississippi  valley;  but  in  composition 
and  origin  the  two  deposits  show  no  similarity.  The  possible  presence 
of  lowan  till  in  northern  New  England  is  suggested  by  the  section  at 
Toronto,  Canada,  300  miles  west  of  New  England,  where  several  distinct 
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till  sheets  separated  by  interglacial  beds  have  been  described.*  The 
Toronto  section,  lying  midway  between  the  Mississippi  valley  and  the 
region  discussed  in  this  paper,  is  one  of  the  best  of  its  kind,  and  is  com- 
monly accepted  as  evidence  of  glacial  complexity  as  far  east  as  Xew  York 
state.  It  is  another  link  in  the  chain  of  evidence  that  Xew  England 
also  was  glaciated  more  than  once. 


*  George  Jennings :  (ilacial  and  interglacial  strata  of  Scarboro  heights.  Canadian 
Journal.  1878,  p.  388.  etc. 

A.  V.  Culoinan:  Glnciai  and  interglacial  deposits  near  Toronto.  Journal  of  Geol<%v. 
vol.   ill.    I8l»r*,  pp.  r»'J2-3i5. 
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Session  of  Thursday,  December  27 

The  Society  was  called  to  order  by  Acting  President  William  M.  Davis, 
in  the  absence  of  President  Israel  C.  Russell,  deceased,  at  4.30  o'clock 
p  m,  in  the  lecture  hall  of  Schermerhorn  hall,  Columbia  University.  A 
brief  but  cordial  address  of  welcome  was  delivered  by  President  Nicholas 
Murray  Butler,  of  Columbia  University,  to  which  response  was  made  by 
Acting  President  Davis. 

The  report  of  the  Council  was  called  for,  and  was  presented  by  the 
Secretary,  Herman  Leroy  Fairchild,  in  print,  as  follows : 

REPORT  OF  THE  COUyCIL 

To  the  Geological  Society  of  America, 

in  Nineteenth  Annual  Meeting  assembled: 

The  stated  annual  meeting  of  the  Council  was  held  at  Ottawa  con- 
jointly with  the  meeting  of  the  Society.  It  has  not  been  found  necessary 
to  call  any  special  meeting,  but  some  business  relating  to  nomination  of 
officers  and  recommendation  for  fellowship  has  been  done  by  correspond- 
ence. 

The  details  of  administration  for  the  eighteenth  year  in  the  history  of 
the  Society  are  given  in  the  following  reports  of  the  officers : 

Secbetaby*s  Repobt 

To  the  Council  of  the  Geological  Society  of  America: 

Meetings, — The  proceedings  of  the  Ottawa  Winter  Meeting,  1905,  will 
be  recorded  in  the  closing  brochure  of  volume  17  of  the  Bulletin. 

Membership, — Since  the  last  printing  of  the  list  of  Fellows  four  Fel- 
lows have  been  removed  by  death:  W.  B.  Dwight,  S.  L.  Penfield,  I.  C. 
Russell,  and  N.  S.  Shaler.  The  names  of  16  Fellows,  elected  at  the 
Ottawa  meeting,  have  been  added  to  the  list,  making  the  present  enroll- 
ment 283,  or  12  more  than  at  the  last  printing.  On  the  ballot  now  before 
the  Society  are  the  names  of  14  candidates,  while  several  nominations 
are  awaiting  action  by  the  Council. 

During  recent  years  our  membership  has  been  increasing.  In  November, 
1901,  it  was  247;  in  January,  1904,  it  was  only  253.  The  present  enroll- 
ment, with  the  addition  of  the  14  candidates  on  the  current  ballot,  will 
make  a  total  within  three  of  300.  Another  year  will  carry  the  list  beyond 
300.  For  several  years  no  name  has  been  dropped  from  the  roll  for  non- 
payment of  dues,  and  only  one  resignation  has  been  accepted.  The  in- 
crease in  membership  has  not  been  due  to  any  lowering  of  the  standard 
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for  admission,  but  to  the  reputation  of  the  Society  and  the  attraction  of 
its  fellowship  for  students  of  earth-science. 

Distribution  of  Bulletin. — ^At  this  date  468  pages  of  volume  17  have 
been  distributed,  and  the  remaining  brochures  are  approaching  comple- 
tion. The  irregular  distribution  of  the  Bulletin  during  the  past  year 
has  been  as  follows:  Complete  volumes  sold  to  the  public,  58;  sold  to 
Fellows,  14;  brochures  sent  to  supply  deficiencies,  57;  sold  to  the  public, 
20;  sold  to  Fellows,  44.  One  copy  of  volume  16  has  been  donated  and 
three  copies  bound  for  the  use  of  ofiBcers  and  the  Library.  Three  com- 
plete sets  of  the  back  volumes  have  been  sold  to  libraries,  and  a  partial 
set  to  a  Fellow.  Not  many  complete  sets  will  be  sold  in  the  future,  as  the 
cost  is  becoming  large,  the  greater  libraries  are  generally  supplied,  and 
the  sets  belonging  to  deceased  Fellows  will  be  thrown  on  the  market. 

Bulletin  sales, — ^The  receipts  from  the  sale  of  the  Bulletin  during  the 
past  year  appear  in  the  following  table : 

Recelphjrom  Sale  of  Bulletin^  December  7,  1905^  to  December  /,  1906 


1. 
2. 
3. 
4. 
5. 
6. 


Volume 
Volume 
Volume 
Volume 
Volume 
Volume 
Volume  7 . . 
Volume  8. . 
Volume  0.. 
Volume  10. . 
Volume  11. . 
Volume  12. . 
VoluineU.. 
Volume  14. . 
Volume  15.. 
Volume  16. . 
Volume  17. . 
Volume  18. . 


Complete  volumes. 


Brochures. 


Public. 


Fellows. 


Index 


$10  00 
10  00 
10  00 
10  00 
10  00 
10  00 
10  00 
10  00 
10  00 
15  00 
10  00 
15  00 
15  00 
30  00 
25  00 
215  00 
200  00 
20  00 


$9  00 


$635  00 
7  00 


4 
4 

7 
4 
4 
4 
4 
4 
4 
4 
4 
4 


50 
00 
00 
00 
00 
00 
00 
00 
00 
50 
00 
50 


4  50 


Total.        Public. 


Fellows. 


$19  00 
14  50 
14  00 
17  00 
14  00 
14  00 
14  00 
14  00 
14  00 
19  00 
14  50 
19  00 

19  50 
30  00 
29  50 

215  00 
200  00 

20  00 


$0  35 
45 


$2  75 
3  10 


$66  00 
2  25 


$642  00  I    $68  25 


$701  00 
9  25 


1 
2 


80 
80 
15 
55 


Total. 


I  Grand 
total. 


$2  75 

3  10 

35 

45 


1 
4 


20 
95 
2  25 
45 
20 


i 


1  20 
9  75 
3  05 
1  60 
3  75 


$10  10 


$710  25  I 


$10  10 


$15  90 


$19  00 
17  25 
17  10 

17  :;o 

14  45 
14  00 
14  00 
14  00 
14  00 

19  00 
14  50 

20  20 
2«  25 

as  05 

31  10 
218  75 
200  00 

20  00 


$26  00  I,  $727  0») 
I'        9  25 


$15  90 


$26  00  I    $736  25 


Kecelpts  for  the  fiscal  year $736  25 

Previous  receipts,  to  December  1,  1905 8,866  09 


Total  receipts  to  date $9,602  34 

Charged  and  uncollected 100  40 


Total  Bulletin  sales  to  date $9,702  74 
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The  bills  to  regular  subscribers  for  volume  17  have  not  been  sent,  and 
tlie  above  table  includes  only  advance  payments.  In  another  year  the 
total  receipts  from  the  sale  of  the  Bulletin  will  considerably  exceed 
$10,000. 

The  publication  cost  of  volumes  1-16  is  $30,629.55,  the  average  cost 
being  $1,914.35.  This  does  not  include  the  expense  of  distribution. 
The  receipts  to  date  from  the  sale  of  the  same  volumes  are  $9,382.34,  or 
an  average  of  $586.40  per  volume.  The  receipts  from  sale  of  these  vol- 
umes approach  one-third  the  cost  of  publication;  but  for  the  past  six 
years  the  annual  receipts  have  averaged  $727.05,  which  is  considerably 
more  than  one-third  the  expense  of  publication.  The  present  income 
from  sales  of  the  Bulletin  and  from  interest  on  funds,  taken  together, 
amounts  to  nearly  70  per  cent,  or  more  than  two-thirds  of  the  cost  of  the 
Bulletin.  This  would  seem  to  be  good  financing  for  a  society  of  small 
membership,  depending  on  moderate  dues  for  its  income. 

Exchanges, — Three  addresses  have  been  added  to  the  list  of  ex- 
changes— one  in  Mexico,  one  in  Vienna,  and  one  in  Manila.  The  full 
list  is  given  with  the  list  of  Library  accessions,  at  the  close  of  each  volume 
of  the  Bulletin. 

Expenses. — The  following  table  gives  the  cost  of  administration  and  of 
Bulletin  distribution  during  the  past  year: 

EXPENDITUBE  OF  SECBETABY'S  OFFICE  DUUINO  THE  FISCAL  YEAB  ENDING  NOVEMBEB 

30.1906 

Account  of  Administration 

Postage  and  telegrams $27  90 

Kxpressage   6  36 

Printing  (including  stationery) 109  66 

Meetings  (expenses  of  Ck>rdiIIeran  Section) 14  00 

Total $157  92 

Account  of  Bulletin 

I'ostage $81  40 

Kxpressage  and  freight 109  86 

Wrapping  material  4  13 

Addressograph  links 1  91 

Hinding  three  copies  of  volume  15 3  00 

ITinting  3  25 

Collection  of  checks 3  50 

Total 207  05 


Total  expenses  for  the  year $364  97 
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As  this  is  my  last  report,  a  few  words  reminiscent  and  historical  may 
not  be  amiss. 

The  character  of  the  Society,  the  policy,  and  the  formalities  of  the 
Secretary's  office  were  established  during  the  first  two  years,  under  the 
wise  guidance  of  Professor  Stevenson.  As  Editor,  Doctor  McGee  gave 
the  Bulletin  its  exemplary  form,  only  one  volume  of  which  had  been 
printed  and  sent  to  the  Fellows  when  the  writer  was  called  to  the  Secre- 
tary's office,  January,  1891.  The  questions  of  the  distribution  and  sale 
of  the  Bulletin  had  yet  to  be  considered. 

The  first  circular  advertising  the  Bulletin  and  soliciting  subscriptions 
from  libraries  was  dated  January,  1892.  From  time  to  time  efforts  have 
been  made  to  enlarge  the  subscription  lists,  and  some  advertising  has  been 
done,  but  with  little  apparent  effect.  The  character  of  the  publication  is 
such  that  the  demand  can  not  be  greatly  stimulated.  Where  desired,  the 
Bulletin  sells  itself. 

Through  the  Editor  and  Secretary,  the  Society  has  been  conducting  a 
publishing  business,  and  the  Secretary  has  been  running  a  sales-room  by 
correspondence  and  selling  the  Bulletin  in  all  parts  of  the  world,  chiefly, 
of  course,  in  America. 

After  deliberation  and  correspondence,  a  list  of  "Exchanges"  was  made 
in  1891,  with  the  purpose  of  placing  the  Bulletin  at  focal  points  of  scien- 
tific influence  over  the  world.  The  first  list  numbered  6S  (see  Bulletin, 
vol.  3,  page  468).  The  obtaining  of  library  material  in  return  for  the 
Bulletin  was  not  an  object,  but  was  inevitable.  The  accumulation  of  ex- 
change material  led  to  the  making  of  a  contract  in  1894  with  the  Case 
Library  of  Cleveland  for  the  care  of  the  Society's  Library  (see  Bulletin, 
vol.  6,  page  427),  and  in  1898  Professor  Cushing  consented  to  act  as 
Librarian.     (His  first  report  is  in  Bulletin,  vol.  10,  page  422.) 

The  Constitution  of  the  Society  followed  conventional  practice  in  pro- 
viding for  several  classes  of  members:  Fellows,  Correspondents,  and 
Patrons.  At  one  time  the  Council  made  an  earnest  effort  to  select  a  com- 
plimentary list  of  Correspondents,  but  after  compiling  and  sifting  many 
proposed  names,  the  effort  was  abandoned  and  has  never  been  revived. 
It  is  quite  as  well.  One  strong  element  of  success  of  the  Society  has 
been  its  democratic  spirit,  and  it  is  better  that  all  its  membership  should 
stand  on  an  equality.  If  any  foreign  geologist  wishes  to  place  F.  G.  S.  A. 
after  his  name,  he  can  do  so  by  becoming  a  Fellow  and  paying  the  regular 
charges,  as  the  territorial  limitations  to  fellowship  were  removed  in  1894. 

Perhaps  it  is  also  fortunate  that  the  Society  has  had  no  patrons,  but 
has  succeeded  entirely  through  the  character  and  the  contributions  of  its 
fellowship  (see  the  Treasurer's  report,  following). 
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The  Secretary  has  preserved  in  a  file  of  large  scrap-books  every  scrap 
of  printing,  outside  of  the  Bulletin,  that  the  Society  has  ever  had,  along 
with  all  other  material  that  could  conveniently  be  pasted.  These  books, 
with  the  Council  minutes  and  the  Bulletin,  make  a  perfect  record  of  the 

« 

public  and  the  internal  work  of  the  Society.  All  the  correspondence 
(with  very  few  exceptions,  of  confidential  papers)  has  been  preserved. 
The  future  historian  of  the  early  years  of  what  will  some  time  be  the 
"old"  society  should  find  nothing  missing. 

The  vriter  has  never  missed  a  meeting  of  the  Society,  nor  any  meeting 
of  the  Council  since  the  winter  meeting  in  1890.  For  the  past  sixteen 
years  he  has  given  a  large  part  of  his  time  and  thought  to  the  work  of  the 
secretaryship.  It  has  been  a  labor  of  love,  and  the  approval  of  the  Fel- 
lows has  been  sufiicient  reward.  To  a  conscientious  executive  officer  there 
is  a  satisfaction  in  the  control  of  affairs  and  the  direction  of  policy,  as  in 
any  work,  when  these  are  accepted  and  commended  by  those  concerned. 
Unanimous  reelection  year  after  year  has  been  interpreted  as  such 
approval.* 

It  is  possible  that  an  administration  with  more  initiative  and  vigor 
would  have  produced  greater  results ;  but  vriih  our  scattered  membership, 
of  strong  individualities  and  somewhat  diverse  interests,  it  seemed  safer 
to  pursue  a  conservative  course  and  let  affairs  move  quietly  and  smoothly 
until  the  Society  had  acquired  strength  and  prestige.  The  perfect  unity 
and  harmony  in  the  Society  and  the  Council  during  all  the  18  years  is  a 
happy  fact. 

The  work  of  the  Secretary  is  intimately  bound  with  that  of  the  Treas- 
urer and  Editor  and  they  are  largely  to  be  credited  with  the  success  of  the 
Society.  For  many  years  of  loving  and  laborious  service  the  Society 
owes  a  debt  to  Stanley-Brown  and  I.  C.  White  that  only  appreciation  can 
repay.  For  his  successor  the  writer  bespeaks  the  continued  sympathetic 
support  of  the  fellowship,  which  is  the  best  help  to  his  success. 

In  surrendering  office  your  Secretary  sincerely  thanks  every  Fellow  for 
uniform  kindness,  courtesy,  and  support.  "No  incident  has  ever  occurred 
of  character  so  unpleasant  as  to  leave  any  remembrance.  The  recollec- 
tion of  the  sixteen  years  of  service  to  the  Society  will  remain  the  most 
unalloyed  and  satisfying  memory  of  a  busy  life. 

Respectfully  submitted. 

H.  L.  Fairchild, 

Secretary. 

HOCHESTER,  X.  Y.,  December  10,  1006. 


•  In  fifteen  elections  by  secret  ballot  the  total  vote  has  failed  of  unanimity  only  by 
a  single  vote  at  one  election.     Doctor  White  has  always  had  a  unanimous  vote. 
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Tbeulsubeb's  Repobt 

To  the  Council  of  the  Geological  Society  of  America: 

The  Treasurer  herewith  submits  his  annual  report  for  the  year  ending 
December  1,  1906. 

On  this  latter  date  two  (2)  Fellows  were  liable  to  be  dropped  from  the 
roll  for  non-payment  of  dues,  in  accordance  with  section  3,  chapter  1,  of 
the  By-laws;  six  (6)  were  delinquent  for  two  years,  while  thirty-one  (31) 
had  not  yet  paid  for  the  present  year. 

Since  December  1  8  of  these  have  paid,  leaving  only  4  delinquent  for 
1905  and  1906  and  25  delinquent  for  1906. 

Five  (6)  Fellows,  A.  P.  Low,  A.  P.  Brown,  R.  A.  Daly,  S.  H.  Ball, 
and  F.  G.  Clapp,  have  commuted  for  life  by  the  payment  of  $100.00 
each,  thus  increasing  the  total  Life  Commutations  to  eighty  (80)  at  the 
present  time. 

The  Permanent  Publication  Fund  (only  interest  of  which  can  be  used 
for  the  current  expenses  of  publication)  was  both  decreased  and  increased 
during  the  year.  This  Fund  amounted  to  $9,300.00  at  the  date  of  the 
last  statement,  of  which  $300.00,  representing  three  (3)  bonds  of  the 
Tunnelton,  Kingwood  and  Fairchance  railroad,  matured  during  the  year 
and  were  redeemed  under  date  of  July  28,  1906,  at  par  and  accrued  inter- 
est. To  offset  this  reduction  of  invested  funds,  10  more  shares  in  the 
Ontario  Apartment  House  Company  of  Washington,  D.  C,  were  pur- 
chased by  myself  and  Mr  Emmons,  the  majority  of  the  Committee  on 
Investments,  under  date  of  March  24,  1906,  thus  increasing  this  fund  to 
exactly  $10,000.00  par  value,  half  of  which  yields  6  per  cent  interest  and 
the  other  half  5  per  cent,  or  a  total  of  $550.00  annually.  The  entire 
cost  of  the  Publication  Fund  was  $9,342.50,  so  that  the  rate  of  interest 
on  the  actual  investment  is  nearly  6  per  cent.  The  total  interest  receive^! 
during  the  year  from  these  permanent  investments  ($517.33),  increased 
by  that  ($64.38)  on  monthly  balances  from  the  Security  Trust  Company 
of  Rochester,  New  York,  amounts  to  $581.71,  while  $120.00  more  will 
accrue  (on  the  40  shares  of  the  Ontario  Apartment  House  Company 
stock)  January  1,  1907. 

A  table  showing  the  growth  of  the  Publication  Fund  and  these  interei^t 
items  from  the  beginning  of  the  Society's  financial  history  will  prove  both 
instructive  and  useful. 

Tiie  first  purchase  on  account  of  permanent  investments  was  made 
during  the  incumbency  of  my  predecessor  in  the  Treasuryship,  Professor 
11.  S.  Williams,  on  April  1,  1891,  when  a  $1,000.00  seven  per  cent  bond 
of  Tioga  township,  Kansas,  was  bought  at  a  cost  of  $1,140.25;  so  that 
when  the  present  Treasurer  assumed  the  office,  January  1,  1892,  the  in- 
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vested  funds  had  a  par  value  of  $1,000.00  and  an  annual  interest  return 
of  $70.00. 

The  following  table  exhibits  the  growth  of  the  invested  funds  and 
interest  items,  the  latter  being  increased  each  year  to  a  small  extent  by 
the  4  per  cent  received  on  monthly  balances  from  the  Security  Trust 
Company  of  Bochester,  New  York,  where  all  the  cash  not  needed  in  pay- 
ing current  accounts  has  l)een  kept  for  the  last  15  years: 


Year. 


CoHt  of 
inveetiueiit. 


Par  value. 


Aniinal  in- 
terest from 
inveBtineiits. 


1 8Sn 


185)0. 
1891. 
\H<)2. 

1  sm . 

1894 

1895. 

1S96. 

1 897 . 

1 8t)8 . 

1 899 . 

IIKX) 

1901. 

1902 

1SH)3 

1904 

1905 


•  •  •  • 


$1,140  25» 
900  .3ot 
700  OOt 

304  OOJ 


100  OOf 
1,976  25 


1,000  00 


$1,000  00* 
900  OOt 
700  OOf 

"300  OOJ 


100  OOt 
2,000  00 


1,000  00 


$35 
92 

i:;5 

l.'io 
1H2 
168 
170 
275 
273 
273 
282  63 


00 
50 
50 
50 
00 
00 
50 
50 
00 
00 


1  ntereet  on 
bank  bal- 
ances. 


$16  63 
51  34 
65  32 

16  72 

17  65 
23  46 

8  06 
23  00 
49  84 
32  98 
60  28 
97  23 
100  61 


Total 


2,000  00 
2,366  25 
1.000  00 
1,000  00 


2,000  00 
3,000  00 
1.000  00 
1,000  00 


$12,487  10      $13,000  00 


1     236  11 
248  00 
483  00 
448  00 
617  33 

151  83 

148  17 

93  98 

65  64 

64  38 

$3,935  57 

$1,087  12 

Adding  the  total  of  interest  received  on  investments,  $3,935.57,  to  the 
total  received  from  bank  deposits,  $1,087.12,  gives  a  grand  total  of 
$5,022.69  received  since  the  organization  of  the  Society,  all  of  which 
except  $168.27  has  been  received  during  the  last  15  years. 

At  the  second  annual  meeting  of  the  Society,  held  in  New  York  city, 
December  26,  1889,  the  Council,  among  other  recommendations,  asked 
that  an  effort  be  made  to  raise  a  Publication  Fund  of  $10,000.00.  This 
<leinand  not  having  been  met,  the  Council  renewed  the  request  in  sub- 
mitting its  annual  report  at  the  Columbus  meeting  of  December  29,  1891. 
It  was  evidently  the  expectation  of  the  Council  that  some  wealthy  friends 
of  the  Society  would  donate  the  amount  requested  in  a  short  time,  but 
the  hope  failed  of  fruition.  The  present  Treasurer,  who  was  elected  at 
the  Columbus  meeting  (1891)  never  made  any  serious  effort  to  raise  a 
Publication  Fund  in  the  way  suggested,  because  he  preferred  to  see  what 

*  KansaH  Iwnd  redeemed  at  $1,081.80.  April  1.  1904. 

t  *1.700  in  Cosmos  Cliib  bonds  redeemed  at  par  May  10  and  2.'.  inoi. 

±  T.,  K.  &  F.  lK)nd8  redeemed  July  28,  1006,  at  par  and  accrued  Interest. 
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the  Society  could  do  for  itself  by  careful  attention  to  correct  business 
methods,  and  hence  it  is  with  no  small  degree  of  satisfaction  that  the 
retiring  Treasurer  can  at  this  meeting  turn  over  to  his  successor  and  to 
the  Society  the  full  amount  ($10,000.00)  asked  for  15  years  ago,  invesiiMl 
in  first-class  interest-bearing  securities,  with  all  accrued  bills  paid  to  datt- 
(except  3  bills  for  $572.00  just  received  from  President)  and  $2,000.o.» 
in  the  treasurv.  The  above  table  illustrates  the  value  of  small  savinsr- 
and  points  the  way  to  a  continued  increase  of  the  Society^s  financial 
resources.  The  total  expenses  of  the  Treasurer's  office  (printing,  sta- 
tionery, and  postage)  for  the  last  15  years  amount  to  $318.23,  or  an 
average  of  $21.23  per  annum. 

The  securities  now  owned  by  the  Society  are  as  follows : 

Par  xAlii*: 

March  17  and  125,  1808,  two  Texas  and  Pacific  Railroad  1st  mortgage 
5  per  cent  bonds,  cost  $1,976.25 |2.000  (mi 

February  6,  1901,  ten  shares  of  the  capital  stock  of  the  Iowa  Apart- 
ment House  Co.,  Washington,  D.  C,  cost  $1,000.00 1,000  <«^ 

April  1, 1903,  twenty  shares  of  the  capital  stock  of  the  Ontario  Apart- 
ment House  Co..  Washington,  D.  C,  cost  $2,000.00 2,000  <«^ 

April  11,  1904,  three  second  mortgage  5  per  cent  bonds  of  the  U.  S. 
Steel  Corporation,  cost  $2,306.25 3,000  (>f> 

May  12,  1905,  ten  shares  of  the  capital  stock  of  the  Ontario  Apart- 
ment House  Co.,  Washington,  D.  C.,  cost  $1,000.00 1,000  Cn) 

March  24,  1906,  ten  shares  of  the  capital  stock  of  the  Ontario  Apart- 
ment House  Co.,  Washington,  D.  C,  cost  $1,000.00 1,000  0<^ 

Total  cost,  $9,342.50 ;  total  par  value $10,000  <X» 

The  general  financial  condition  of  the  Society  is  exhibited  by  the  tab- 
ular statement  (page  567),  showing  the  receipts  and  disbursements  for 
the  year  ending  December  1,  1906. 

This  balance  is  distributed  as  follows : 

In  the  Security  Trust  Co.  of  Rochester,  N.  T $1.67S  47 

In  the  Bank  of  Monongahela  Valley,  Morgautown.  West  Va 318  IM 

Total  $1,997  41 

Eespect fully  submitted. 

I.  C.  White, 

Tre<isur€r, 

MoRGANTOWX,  West  Ya.,  December  20,  1906. 
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Editor's  Report 

To  the  Council  of  the  Geological  Society  of  America: 

The  Editor  was  able  to  make  only  a  preliminary  report  to  the  Council 
at  the  meeting  held  in  December,  1906,  but  full  statistics  were  prepared 
for  both  volumes  16  and  17  before  the  latter  volume  was  closed. 

J.  Stanley-Brown, 

Editor. 
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Libbabian's  Refobt 

To  the  Council  of  the  Geological  Society  of  America: 

Accessions  to  the  Library  for  the  past  year  were  duly  acknowledged 
and  catalogued,  and  the  list  of  accessions  to  September  1  compiled  and 
sent  to  the  Secretary  for  incorporation  in  volume  17  of  the  Bulletin. 

There  are  now  3,000  catalogued  numbers  in  the  Library,  some  2,000  of 
which  are  bound  volumes,  for  the  most  part  sets  of  the  publications  of 
the  exchanges  of  the  Society.  The  binding,  which  is  done  by  the  Case 
Library,  amounts  to  about  125  volumes  a  year. 

The  expense  of  this  office  the  past  year  is  as  follows : 

To  postage $1  46 

To  express 2  25 

To  clerk  hire 5  00 

$8  71 
Respectfully  submitted. 

H.  P.  CUSHING, 

Librarian, 
Cleveland,  Ohio,  December  1,  1906. 

On  motion  of  the  Secretary,  it  was  voted  to  defer  the  consideration  of 
tlie  Council  report  to  the  following  day. 

As  the  Auditing  Committee  to  examine  and  report  upon  the  accounts  of 
the  Treasurer,  the  Society  elected  A.  P.  Coleman  and  X.  M.  Fenneman. 

ELECTION  OF  OFFICERS 

Acting  President  Davis  then  announced  the  result  of  balloting  for 
officers  for  1907,  as  canvassed  by  the  Council,  and  declared  the  following 
officers  elected. 

President: 
Charles  R.  Vax  Hise.  ^Madison,  Wis. 

First  Vice-President: 
J.  S.  DiLLER^  Washington,  D.  C. 

Second    Vice-President: 
A.  P.  Coleman,  Berkeley,  Cal. 

Secretary: 
Edmund  Otis  Hovey,  New  York  citv. 


«/ 


570  PROCEEDINGS   OF   THE   NEW   YORK   MEETING 

Treasurer: 
William  Bullock  Clark,  Baltimore,  Md. 

Editor: 
Joseph  Stanley-Brown,  Cold  Spring  Harbor,  X.  Y. 

Librarian: 
H.  P,  CcsHiNG,  Cleveland,  Ohio. 

Councilors: 

H.  E.  Gregory,  New  Haven,  Conn. 

H.  F.  Reid,  Baltimore,  Md. 

ELECT102f  OF  FELLOWS 

Secretary  Fairchild  stated  that  the  candidates  for  fellowship  had  bot?n 
elected  by  the  transmitted  ballots  with  but  few  dissenting  votes.  The  list 
is  as  follows : 

Alfred  Ebnest  Bablow,  B.  A.,  M.  A.,  D.  Sc,  Ottawa,  Canada.  Mining  Geolo- 
gist. 

Uay  Smith  BASSLE^rf  B.  A.,  M.  S.,  Ph.  D.,  Washington,  D.  C.  Assistant  Cnrator 
Stratigraphic  Paleontology,  U.  S.  National  Museum. 

Eugene  Coste,  B.  ds-Sc,  E.  M.,  Toronto,  Canada.    Mining  Engineer. 

John  Alexander  Dresser,  B.  A.,  M.  A.,  Montreal,  Canada.  Principal  of  Prince 
Albert  School. 

RussEix  D.  George,  A.  B.,  A.  M.,  Boulder,  Col.  Professjor  of  Geology,  Uni- 
versity of  Colorado. 

Ellsworth  Huntington,  A.  B..  A.  M.,  Milton.  ^Ias8.  Fellow  of  Harvard  Uni- 
versity. 

Thomas  Augustus  Jaggar,  Jr.,  A.  B.,  A.  M.,  Ph.  D.,  Cambridge,  Mass.  Pro- 
fessor of  Geology,  Massachusetts  Institute  of  Technology. 

Douglas  Wilson  Johnson,  B.  S.,  Ph.  D.,  Cambridge,  Mass.  Assistant  Pro- 
fessor of  Physiography,  Harvard  University;  Assistant  Professor  of 
Geology,  Massachusetts  Institute  of  Technology. 

Joseph  Volney  Lewis,  B.  E.,  S.  B.,  New  Brunswick,  N.  J.  Professor  of 
Geology,  Rutgers  College. 

Davis  Hale  Newland,  B.  A.,  Albany,  N.  Y.     Assistant  State  Geologist. 

Ida  Helen  Ogilvie,  A.  B..  Ph.  D.,  New  York  city.  Tutor  in  Geology,  Barnard 
College.  Columbia  University. 

William  -A.  Parks,  B.  A.,  Ph.  D.,  Toronto,  Canada.  Associate  Professor  of 
Geolog>-,  University  of  Toronto. 

William  John  Sinci^ir,  B.  S.,  Ph.  D.,  Princeton,  N.  J.  Instructor  of  Geology. 
Princeton   University. 

Arthur  Clifford  Veatch,  Washington,  D.  C.  Geologist,  U.  S.  Geological 
Survey. 

yECROLOGT 

On  call  of  the  Acting  President,  memorials  of  the  Fellows  who  had  died 
since  the  Ottawa  meeting  were  read  as  follows : 
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MEMOIR   OF   WILLIAM   BUCK   DWIGHT 
BY  F.  J.   H.   MERRILL 

William  Buck  Dwight  was  bom  in  Turkey  at  Constantinople  May  22, 
1833.  His  father  was  the  Reverend  Harrison  Gray  Otis  Dwight,  who  in 
1831  settled  in  the  Turkish  capital  as  the  first  American  missionary  to 
the  Annenians.     His  mother's  name  was  Elizabeth  Barker. 

The  subject  of  this  sketch  came  to  America  in  1849  and  entered  Yale 
College,  from  which  he  was  graduated  with  the  degree  of  Bachelor  of 
Arts  in  1854.  He  then  entered  the  Union  Theological  Seminary  in  Xew 
York  and  was  graduated  in  1856.  Eeturning  to  New  Haven  and  renew- 
ing his  studies  at  Yale,  he  received  the  degree  of  Master  of  Arts  in  1857, 
and  two  years  later  was  granted  the  baccalaureate  degree  in  Science. 

This  broad  educational  foundation  was  planned  to  support  him  in  the 
undertaking  which  he  and  his  elder  brother  had  contemplated,  of  found- 
ing at  Constantinople  an  unsectarian  Christian  institution  for  higher 
education. 

This  idea  was,  however,  soon  after,  absorbed  and  developed  by  others, 
and  William  B.  Dwight  turned  his  energies  to  the  field  of  teaching  at 
home. 

In  1859  he  married  Miss  Eliza  Howe  Schneider  and  in  the  same  year 
founded  and  became  principal  of  the  Englewood,  New  Jersey,  Female 
Institute,  in  which  he  remained  until  1865.  From  1865  to  1867  he  was 
oicupied  with  work  in  mining  geology  in  Virginia  and  Missouri,  in  the 
course  of  which  he  examined  and  reported  on  the  now  familiar  ]\Iine  La 
^lotte,  and  in  the  latter  year  opened  a  school  for  the  children  of  the  ]Vf  ili- 
tarv'  OflBcers  at  West  Point,  New  York,  which  he  conducted  until  1870. 
He  was  then  appointed  Associate  Principal  and  Professor  of  Natural 
Sciences  in  the  Connecticut  State  Normal  School,  at  New  Britain.  Thexe 
he  became  actively  engaged  in  teaching  the  branches  to  which  he  subse- 
quently devoted  his  life,  and  in  1878  was  called  to  the  chair  of  Natural 
History  in  Vassar  College,  which  he  held  until  his  death,  in  August,  1906. 
From  1878  to  1890  he  was  also  in  charge  of  the  Zoological  Department 
in  the  Marthas  Vineyard  Simimer  Institute,  at  Cottage  City,  and  not 
long  since  was  actively  engaged,  in  cooperation  with  Professor  N.  S. 
Shaler,  in  editing  the  definitions  in  geology  for  the  Standard  Dictionary. 

Shortly  after  taking  up  his  residence  at  Poughkeepsie,  Professor 
Dw^ight  became  interested  in  the  geology  of  the  surrounding  district. 
With  this  began  a  fruitful  investigation  of  the  stratigraphy  and  paleon- 
tology of  the  limestone  belts  of  Dutchess  county,  of  which  tlie  age  was  up 
to  that  time  undefined  by  recognized  fossils,  although  it  liad  been  rather 


572  PROCEEDINGS   OF    THE    NEW    YORK    MEETING 

generally  assumed  as  Ijower  Silurian.  The  results  of  this  work  appean-d 
chiefly  in  the  American  Journal  of  Science  between  1879  and  1890  ami 
established  for  the  author  a  reputation  as  a  most  careful  observer  of 
obscure  paleontologic  detail.  He  was  also  the  successful  designer  (»f 
mechanical  appliances  for  making  thin-sections  of  the  much  altered 
fossils  of  these  semicrystalline  rocks  from  which  metamorphisni  had 
nearly  obliterated  the  evidences  of  organic  life.  It  was  the  privilege  of 
the  writer  to  become  acquainted  with  him  in  1885,  when  in  the  midst  of 
success  in  the  development  of  a  new  field  of  investigation,  and  his  enthu- 
siasm and  self-sacrificing  devotion  to  his  work  were  such  as  to  inspire  the 
highest  admiration. 

At  the  time  when  Professor  Dwight  took  up  his  work  it  was  commonly 
considered  by  trustees  of  colleges  that  only  chemists  and  physicists  were 
entitled  to  laboratories  and  apparatus ;  other  workers  in  science  witl- 
supposed  to  elaborate  their  conclusions  chiefly  from  the  alcoves  and  dust 
of  the  college  library.  It  was  therefore  at  that  time  a  more  strenuou- 
undertaking  to  accomplish  the  result  in  question  than  to  do  similar  work 
in  these  enlightened  days  of  more  liberal  allowances  for  college  work  in 
science.  As  a  teacher.  Professor  Dwight  filled  a  wide  field  and  will  Ion;; 
be  remembered  as  a  strong  and  beneficent  influence  in  the  progress  oi 
natural  science.  He  was  content  to  give  much  of  his  time  to  elementary 
instruction,  but  will  prove  to  have  been  of  broader  helpfulness  than  some 
who  have  sj)ecializ(Kl  in  higher  branches  of  geology. 

His  end,  which  came  at  Cottage  City,  Massachusetts,  on  August  '2l>. 
1906,  was  sudden,  peaceful,  and  probably  painless,  perhaps  the  best  that 
one  can  desire.  Three  children  survive  him  with  the  comfort  of  an 
honored  father's  name. 

MEMOIR    OF   SAMUEL   LEWIS   PEN  FIELD 
BY  JOSEPH   P.  1  DOINGS 

Samuel  Lewis  Penfield,  known  to  the  world  of  science  as  minerals )iri<: 
and  investigator,  remem])ered  by  hundreds  of  graduates  of  the  Shetlifl'l 
Scientific  School  as  the  Professor  of  Mineralogy  and  Instructor  in  Blow- 
pipe Analysis,  was  to  his  colleagues  and  friends  a  genial  and  lovab.t.* 
companion,  whose  cheerfulness,  generosity,  steadfastness,  and  absolute- 
honesty  in  thought  and  action  form  his  most  memorable  characteristii>. 

Born  in  the  village  of  Catskill-on-the-Hudson  on  January  16,  IS'i^i. 
his  boyhood  was  spent  at  home,  in  attending  school  and  in  the  enjoynu-n: 
of  such  sports  as  a  boy  may  find  on  the  river  or  the  neighboring  moun- 
tains. His  father,  George  H.  Penfield,  was  a  shipping  merchant,  promi- 
nent in  l)usinoss  and  in  religious  affairs,  a  man  noted  for  his  genen>sity 
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and  given  to  hospitality.  His  mother  was  Ann  A.  Cheesman,  of  Con- 
necticut ancestry.  By  inheritance  and  early  training  he  acquired  that 
cheerful  and  amiable  spirit  which  made  him  so  companionable^  and  those 
generous  and  sympathetic  impulses  that  bound  him  so  closely  to  his 
friends.  Prom  them  also  sprang  that  native  honesty  which  was  the 
foundation  of  his  character,  underlying  his  judgment,  occasioning  his 
frankness  and  sincerity  of  speech,  and  forming  the  controlling  element  of 
his  scientific  work.  To  them  must  be  ascribed  that  simple  and  unfalter- 
ing confidence  in  a  beneficent  Deity  which  accompanied  him  through  life 
and  permitted  him  to  endure  the  strain  of  his  prolonged  illness  with 
cheerful  patience  and  Christian  courage. 

While  yet  a  boy  his  fondness  for  study  led  him  to  hope  for  a  college 
education  and  caused  him  to  go  to  the  academy  at  Willbraham,  Massa- 
chusetts, to  prepare  himself  for  the  SheflBeld  Scientific  School,  which  he 
entered  in  the  autumn  of  1874.  His  tastes  and  talents  led  him  to  success 
in  mathematics  and  the  natural  sciences,  and  at  the  end  of  his  freshman 
year  he  selected  the  course  in  chemistry.  In  this  he  distinguished  himself 
as  an  analyst,  graduating  with  honors  in  1877.  To  his  classmates  he  was 
a  modest,  manly  comrade,  devoted  to  his  studies  and  enthusiastic  in  his 
laboratory  work. 

Upon  graduating  he  became  an  assistant  in  the  chemical  laborator}^  of 
the  Sheffield  Scientific  School,  and  in  addition  to  his  duties  as  an  in- 
structor occupied  himself  with  analytical  work,  especially  on  mineral 
compounds.     His  first  publication  is  dated  the  year  of  his  graduation 
and  is  on  "The  chemical  composition  of  triphylite  from  Grafton,  New 
Hampshire."    His  career  as  a  mineralogist  must  be  considered  the  natural 
result   of  his  environment,  for  there  was  an  invigorating  atmosphere 
about  the  place  like  the  clear,  brilliant  air  that  surrounds  the  summits 
of  mountains.     The  young,  enthusiastic  investigator  felt  the  inspiration 
that    came  from  his  association  with  such  men  as  George  J.  Brush, 
James  D.  Dana,  Edward  S.  Dana,  and  George  W.  Hawes,  men  of  clear 
cut,  vigorous  ideas  and  brilliant  attainments.     It  acquired  specific  direc- 
tion through  the  opportunity  offered  him  for  cooperation  with  Professors 
Brush  and  E.  S.  Dana  in  their  study  of  the  remarkable  group  of  minerals 
found    in  the  pegmatite  at  Branchville,   Connecticut.     The  anah^ical 
chemical  work  was  intrusted  to  him  in  part,  and  he  determined  the  com- 
position of  five  new  species  of  magnesian  phosphates,  eosphorite,  triploi- 
dite,  dickinsonite,  fairfieldite,  and  fillowite,  that  of  two  other  new  species 
being  determined  by  his  classmate  and  associate  in  the  chemical  labora- 
tory,  Horace  L.  Wells.     In  addition  to  these  he  analyzed  a  number  of 
other  minerals  from  this  locality  and  from  elsewhere.     About  this  time 
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also  he  contributed  to  the  improvement  of  analytical  processes,  publishing 
in  1879  a  paper  '*0n  a  new  volumetric  method  of  determining  fluorine." 

It  appears  that  up  to  this  time  his  interests  were  centered  in  the  purt-ly 
chemical  phase  of  his  work,  and  it  is  doubtful  whether  he  looked  up4»ii 
the  study  of  mineralog}-  as  the  probable  occupation  of  his  life,  for  in  li58u 
he  went  to  Strasburg  to  attend  the  lectures  and  laborator}-  of  Professi»r 
Rudolph  Fittig  for  the  purpose  of  acquiring  advance  methods  of  work 
in  organic  chemistry'.  He  also  attended  some  of  the  lectures  in  miner- 
alogy given  by  Professor  P.  Groth.  While  in  Strasburg  he  publishe<l. 
with  Professor  Fittig,  a  paper  on  some  of  the  hydrocarbon  compouncl> 
investigated  in  his  laboratoiy. 

Whatever  may  have  been  his  intention  at  this  time,  his  course  as  a 
mineralogist  was  determined  upon  his  return  to  New  Haven,  in  the 
autumn  of  1881,  by  the  opportunity  offered  him  to  become  instructor  in 
mineralogy  in  the  Sheffield  Scientific  School  in  place  of  Doctor  George  W. 
Hawes,  who  had  been  called  to  Washington,  D.  C,  to  take  charge  of  the 
geological  department  of  the  National  ^luseum. 

Assuming  the  responsibilities  of  this  position  four  years  after  his 
graduation,  he  threw  into  the  work  of  the  course  in  determinative  miner- 
alogy and  blowpipe  analysis  all  the  energy  and  enthusiasm  of  his  nature, 
injecting  into  the  laboratory  methods  the  skill  and  precision  that  char- 
acterize his  own  analytical  operations.  At  first  his  interest  in  miner- 
alogy was  chiefly  in  its  chemical  side,  since  the  work  with  the  student i^ 
largely  involved  the  chemically  determinative  phase  of  the  subject,  and 
his  publications  continued  to  treat  of  the  chemical  composition  of  various 
minerals ;  but  an  increasing  interest  in  the  physical  properties  of  minerals^ 
and  in  their  crystallography  led  him  in  1884  to  go  to  Germany  for  the 
second  time,  and  to  study  with  Professor  Bosenbusch  at  Heidelberg  the 
methods  of  investigation  so  successfully  employed  by  him  in  the  petro- 
graphical  laboratory.  This  experience  was  followed  by  a  broadening  of 
his  methods  of  work  and  of  the  range  of  his  investigations,  so  that  the 
physical  characters  of  minerals,  especially  the  optical  properties  and  the 
crystal  form,  were  studied,  in  addition  to  their  chemical  composition. 
In  these  operations  he  developed  the  same  skillfulness  of  manipulation 
and' thoroughness  which  characterize  his  chemical  work. 

In  1886  he  became  responsible  for  all  of  the  mineralogieal  instruction 
given  in  the  Sheffield  Scientific  School,  owing  to  the  fact  that  the  school 
had  increased  to  such  a  size  as  to  require  in  its  management  all  of  the 
time  and  energ}^  of  its  director,  Professor  Brush.  In  1888  Penfield  was 
appointed  assistant  professor,  and  in  1893  he  was  created  a  professor,  and 
in  consequence  became  a  member  of  the  governing  board  of  the  SheSBeld 
Scientific  School. 
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His  success  as  a  teacher  followed  from  his  devotion  to  the  work  and  his 
personal  interest  in  the  individual  student,  and  particularly  from  his 
painstaking  efforts  to  aid  the  student  in  every  way  by  presenting  the  sub- 
ject in  the  simplest  manner  and  by  assisting  the  imagination  by  ingenious  , 
models  and  devices  for  illustrating  crystal  forms  and  structures.  His 
success  was  also  due  to  his  systematic  and  thorough  methods  of  work,  and 
to  a  considerable  extent  undoubtedly  to  his  great  patience,  persistency, 
and  amiability. 

That  he  succeeded  in  imparting  his  zeal  and  enthusiasm  as  well  as  his 
skill  to  those  who  worked  in  his  laboratory  as  advanced  students  is  shown 
by  the  successful  mineralogists  who  have  been  trained  by  him.  Evidence 
of  his  thought  and  ingenuity  in  the  arrangement  of  his  collections  and 
apparatus  is  furnished  by  the  appointments  of  the  mineralogical  labora- 
tories in  Kirtland  Hall,  which  was  built  three  years  before  his  death ;  and 
it  is  a  source  of  great  satisfaction  to  his  friends,  as  it  was  of  happiness  to 
himself,  that  the  last  two  years  of  his  life  were  spent  in  the  enjoyment  of 
his  ideal  of  a  mineralogical  laboratory. 

That  he  fulfilled  successfully  his  obligations  as  a  teacher  and  also 
achieved  yet  greater  fame  as  an  investigator  was  due  to  his  extreme  dili- 
gence as  a  worker,  devoting  to  his  studies  all  of  his  reserve  of  time  and 
energy;  and  it  was  also  due  to  his  clear  comprehension  of  mineralogical 
problems  and  to  his  ability  to  execute  with  deftness  and  ease  the  me- 
chanical operations  required  in  their  solution.    The  latter  showed  itself 
in  the  manipulation  of  apparatus,  whether  in  chemical  analysis  or  in 
optical  or  crystallographic  determinations,  in  which  he  became  especially 
interested.     He  was  for  these  reasons  not  only  able  to  accomplish  much  in 
comparatively  short  periods  of  time,  and  thereby  traverse  a  wide  field  of 
operation,  but  he  obtained  astonishingly  good  results  from  what  might 
have  proved  inadequate  material  in  less  skillful  hands.     Some  of  his 
chemical  analyses  were  carried  out  successfully  on  very  small  amounts  of 
mineral,  in  one  case  upon  one-tenth  of  a  gram,  and  some  of  his  crystallo- 
graphic measurements  were  made  on  surprisingly  small  crystals.     The 
uniformly  high  quality  of  his  work,  as  already  said,  is  due  to  his  absolute 
honestv  and  conscientiousness.     The  exact  facts  and  all  of  them  that 
could  be  obtained  bv  anv  means  at  his  command  were  the  least  that  would 
satisfy  the  demands  of  his  nature,  though  of  this  exaction  he  was  him- 
self probably  unconscious.     It  was  an  exaction  applied  to  his  work  and 
did  not  extend  to  his  general  intercourse  with  others,  toward  whom  he 
was  always  lenient,  even  indulgent. 

Much  of  his  work  was  done  in  cooperation  with  others,  chiefly  his 
laboratory  assistants  or  graduate  students,  and  he  was  generous  in  his 
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treatment  of  them  and  in  the  recognition  of  their  work.  He  was  also 
a  liberal  assistant  of  other  investigators,  whom  he  helped  by  advice  or  by 
contributions  of  analytical  or  of  other  determinative  work. 

In  1898  he  published  a  revised  and  almost  completely  re-written  edition 
of  the  Manual  of  Determinative  Mineralogy  and  Blowpipe  Analysis, 
originally  the  work  of  Professor  George  J.  Brush.  The  list  of  publica- 
tions include  over  eighty  titles,  all  of  which  are  distinct  contributions  to 
the  science  of  mineralogy  or  chemistry.  Their  value  consists  in  part  in 
being  determinations  of  new  species ;  in  part  in  being  corrections  based  on 
more  exact  analyses  of  numerous  species  whose  composition  had  been  pre^ 
viously  imperfectly  and  unsatisfactorily  determined.  Of  the  entirely 
new  mineral  species  which  were  described  by  him,  there  are  fourteen, 
namely,  bixbyite,  canfieldite,  clinohedrite,  gerhardtite,  glaucochroite, 
graftonite,  hamlinite,  hancockite,  leucophoenicite,  nasonite,  nesquehonite. 
pearceite,  roeblingite,  and  spangolite.  There  are  twenty-one  species  whose 
correct  composition  he  was  able  to  establish:  alurgite,  amblygonite. 
arg3rrodite,  aurichalcite,  childrenite,  chondrodite,  clinohumite,  connellite. 
cookeite,  ganomalite,  hanksite,  herderite,  howlite,  humite,  monazite,  ral- 
stonite,  staurolite,  sulphohalite,  topaz,  tourmaline,  and  turquois. 

His  last  investigative  work,  which  was  being  carried  on  in  association 
with  Mr  F.  S.  Stanley,  was  aimed  at  the  elucidation  of  the  problem 
of  the  composition  of  the  amphiboles. 

Among  his  specific  achievements  may  be  mentioned  the  recognition  of 
the  isomorphic  role  played  by  fluorine  and  hydroxyl  in  the  structure  of 
numerous  minerals  and  the  consequent  necessity  for  their  recognition  in 
the  composition  and  formulae  of  such  minerals ;  also  the  determination  of 
the  relations  between  the  proportions  of  these  constituents  in  a  mineral 
series  and  the  physical  properties  of  the  minerals,  as  in  topaz  and  in  the 
members  of  the  humite  group — ^humite,  chondrodite,  and  clinohumite. 

Another  important  achievement  was  the  recognition  of  germanium  in 
a  silver  ore  from  Bolivia  and  the  correct  crystallographic  determination 
of  the  mineral  argyrodite,  in  which  the  element  was  first  discovered :  aUo 
the  demonstration  of  the  control  exerted  upon  the  character  of  the 
crystal  symmetry  in  such  a  chemically  complex  mineral  as  tourmaline  by 
the  acid  portion  of  the  molecule,  which  appears  to  be  largely  independent 
of  the  nature  of  the  bases  combined  with  the  acid. 

His  contributions  to  crystallography  consist  not  only  of  numerous 
accurate  determinations  and  descriptions  of  crystal  forms,  but  in  the 
elaboration  of  graphical  methods  of  representing  crystals  and  of  calculat- 
ing angular  relationships  and  also  in  devising  simple  drawing  instruments 
and  maps  for  use  in  spherical  projection.    His  studies  in  these  methods 
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led  him  to  advocate  the  application  of  stereographic  projection  to  geo- 
graphical map  making  and  to  demonstrate  the  advantages  to  be  derived 
from  its  use. 

He  did  not  confine  his  investigations  and  experiments  to  his  laboratory, 
but  broadened  his  horizon  by  working  in  the  field,  spending  two  summers 
in  the  Yellowstone  National  Park  as  an  assistant  on  the  United  States 
Geological  Survey,  and  other  summers  in  New  York  state,  North  Caro- 
lina, and  Colorado,  as  well  as  in  various  parts  of  Europe,  visiting  at 
the  same  time  the  most  celebrated  mineral  collections  and  becoming 
acquainted  with  foreign  mineralogists. 

The  high  quality  of  his  work  and  the  value  of  his  contributions  to  the 
science  of  mineralogy  are  attested  by  the  esteem  in  which  he  was  held 
both  abroad  and  in  his  own  country,  as  well  as  by  the  honors  bestowed 
upon  him.  Beginning  with  the  year  1893,  these  rapidly  succeeded  one 
another  in  the  following  order:  Associate  Fellow  of  the  American 
Academy  of  Arts  and  Sciences  in  Boston;  in  1896,  Foreign  Correspondent 
of  the  Geological  Society  of  London,  Master  of  Arts  in  Yale  University; 
in  1900,  Member  of  the  National  Academy  of  Sciences;  in  1902,  Fellow 
of  the  American  Association  for  the  Advancement  of  Science,  Corre- 
sponding Member  of  the  Eoyal  Society  of  Sciences  at  Gottingen,  Member 
of  the  Scientific  Society  of  Christiania;  in  1903,  Corresponding  Member 
of  the  Geological  Society  of  Stockholm  and  Foreign  Member  of  the 
JVlineralogical  Society  of  Great  Britain.  In  1904  he  received  the  honorary 
degree  of  Doctor  of  Laws  from  the  University  of  Wisconsin.  He  was  a 
member  of  the  Connecticut  Academy  of  Sciences  and  a  fellow  of  the 
Geological  Society  of  America. 

These  honors  he  accepted  with  such  charming  modesty  that  many  of 
them  remained  hidden  and  unsuspected  by  even  those  most  intimate  with 
him.  His  achievements  followed  as  the  natural  results  of  his  ceaseless 
activities,  which  sprang  from  a  love  of  research  for  its  own  sake. 

For  twenty  years  after  his  graduation  he  remained  unmarried,  devoting 
his  time,  thought,  and  energy  to  his  scientific  work.  During  the  greater 
part  of  these  years  he  lived  with  a  small  company  of  bachelor  colleagues 
in  the  attic  of  Sheffield  Hall,  familiarly  known  as  "Old  Shefl" ;  here  his 
genial  and  generous  nature  won  him  the  admiration  and  affection  of  his 
associates  and  friends.  In  these  homely  halls,  low-roofed  and  bare,  there 
grew  up  a  group  of  men  who  seem  to  have  acquired  from  their  surround- 
ings certain  sturdy  qualities  which  are  to  be  reckoned  among  their 
fortunate  characteristics. 

In  1897  Professor  Penfield  married  Miss  Grace  Chapman,  of  Albany, 
who  brought  io  him  great  happiDcss,  and  whose  devotion  to  him  through 
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the  years  of  his  illness  strengthened  his  courage  and  undoubtedly  pro- 
longed his  life. 

As  the  man  is  more  than  his  achievements,  so  the  character  of  Samuel 
Lewis  Penfield  must  be  accorded  higher  praise  than  his  labors.  Honest, 
and  modest,  and  true;  s\'mpathetic,  and  generous,  and  loving;  steadfast 
and  simple  in  his  affections  and  in  his  beliefs,  his  beneficent  nature  ha* 
affected  the  lives  of  manv  who  have  come  within  its  influence,  and.  beiiit: 
transmitted  beyond  the  range  of  his  own  experience,  will  contribute  ii- 
share  to  the  sum  of  human  goodness.  And,  as  his  works  and  writiu;:- 
will  be  found  in  print  long  after  his  personality-  shall  have  faded  from 
the  minds  of  men,  may  this  suggestion  of  his  noble  character  be  found  in 
place  beside  the  record  of  his  accomplishments. 
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MEMOIR  OF  ISRAEL  C.  RU88ELL 
BY    BAILEY    WILUS 

-  A  native  of  Xew  York  by  birth,  Israel  C.  Kussell  was  at  home  everv- 
where,  through  the  intrepidity  of  his  spirit  and  the  breadth  of  his 
interests.  The  arid  plains  of  our  West,  or  the  snowy  scarps  of  Saint 
Elias,  or  the  ash-strewn  slopes  of  Pelee  were  to  him  equally  allaxiDg. 
The  unexplored  challenged  the  inborn  instinct  of  the  explorer,  wldidi 
dominated  the  aims  of  his  life;  he  delighted  to  attempt  the  unknown;  he 
was  independent  and  at  ease  in  the  wildest  environment;  and  wheane  in 
the  interest  of  science  difficulty  or  danger  were  to  be  met,  there  he 
most  resourceful,  cool,  and  happy.  On  the  other  hand,  he  was 
under  routine ;  he  chafed  in  harness ;  he  rather  endured  than  enjoyed  the 
comforts  of  conventional  life,  with  the  obligations  they  imposed. 

It  is  told  of  a  colonial  Russell  ancestor  that  when  calling  Sunday  even- 
ings on  the  lady  whom  he  afterward  married  he  would  confine  his  remaiks 
to  a  greeting  and  a  phrase  of  thanks  on  leaving  for  the  pleasant  visit  he 
had  enjoyed.  Silence  ran  in  the  family,  but  so  also  did  a  genial  sense  of 
the"  pleasure  of  conversation.  Outwardlv  the  Russell  we  knew  was  a 
silent,  self-contained  man,  from  whom  flashed  occasionally  a  sally  of  keeji 
wit;  but  the  external  reserve  covered  a  fertile  mind  and  a  warm  kindlv 
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nature.  In  the  exchange  of  scientific  thought  he  gave  generously ;  in  the 
field  he  was  a  considerate  and  loyal  comrade,  as  men  near  and  true  to 
Xature  are;  and  in  his  home,  in  those  intimate  relations  that  are  the 
highest  test  of  character,  he  has  left  a  memory  which  sustains  his  family 
and  is  a  heritage  of  love  and  inspiration  for  his  children. 

RusselFs  career  falls  into  four  epochs,  through  all  of  which  runs  the 
chain  of  exploration.  After  graduating  from  the  University  of  New 
York  in  1872,  he  sought  an  opportunity  to  accompany  the  U.  S.  Transit 
of  Venus  expedition  to  Xew  Zealand  in  1874  and  1875,  and  finding  the 
opportunity  limited  to  the  position  of  photographer,  he  learned  the  then 
difficult  art  and  received  the  appointment.  This  journey  around  the 
world  opened  to  him  the  great  field  of  physical  geography  in  which  he 
afterward  labored  continuously.  He  drifted  for  five  years  after  his 
return.  Two  years  as  assistant  professor  of  geology  at  Columbia,  a  season 
in  Xew  Mexico,  a  journey  to  Europe — these  completed  the  first  epoch  of 
restless  preparation.  When  I  was  a  student  in  Columbia  he  was  con- 
stantly at  work  among  the  collections — a  slender,  silent  figure,  a  typical 
student,  in  whom  one  would  not  suspect  the  power  of  initiative,  the 
capacity  for  daring  and  doing,  which  characterized  the  man. 

The  second  epoch  covered  the  years  from  1880  to  1885,  during  which, 
as  geologist  of  the  U.  S.  Geological .  Survey,  in  association  with  Gilbert, 
he  studied  the  Pleistocene  history  of  the  Great  basin.  Here  he  was  in 
his  element — free,  face  to  face  with  Nature,  and  in  frequent  intercourse^ 
with  one  who  may  be  characterized  as  one  of  the  wisest  organizers  of 
American  geologic  science  of  any  period.  Wliile  Gilbert  interpreted  the 
history  of  lake  Bonneville,  Russell  developed  that  of  lake  Lahontan;  the 
two  studies  ran  parallel  and  reacted  each  upon  the  other.  The  senior's 
influence  is  seen  in  the  character  of  the  Lahontan  monograph,  w^hich  is  a 
systematic,  complete,  and  essentially  final  work,  peculiar  among  Eussell's 
writings  in  being  thus  highly  organized  and  finished;  but  the  acute 
observations  regarding  the  chemical  history  of  the  waters  and  its  bearing 
on  variations  of  the  lake  are  Russell's  independent  contribution. 

WTien  in  1885  Gilbert  surrendered  his  promising  investigations  of  the 
Great  basin  to  undertake  the  study  of  the  Appalachian  province,  Russell 
was  also  transferred  and  their  association  continued.  Cogent  as  the 
administrative  reasons  for  the  transfer  were,  the  change  of  tasks  was 
unfortunate  for  the  scientists  and  for  science.  Gilbert  was  burdened  with 
executive  affairs,  and  Russell  found  in  the  southern  Appalachians  an 
uncongenial  field.  Nevertheless  he  worked  with  characteristic  activity 
and  completed  the  investigation  of  the  section  assigned  him  in  Gilbert's 
systematic  plan  for  studying  the  Appalachians ;  but  he  did  not  bring  the 
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work  to  a  condition  for  publication  and  it  was  inherited  bv  Haves.  Sev- 
eral  of  the  folios  are  still  unpublished  on  account  of  the  difiBculty  of 
working  out  the  metamorphic  rocks. 

Kussell's  earliest  geologic  studies  had  been  on  the  Triassic  rocks  of  New 
Jersey  and  Connecticut,  and  the}'  were  continued  on  his  return  to  the 
East  in  North  Carolina  and  Virginia.  When  Powell  planned  the  corrc- 
la t  ion  papers  he  was  the  best  equipped  man  available  for  the  Triassic. 
He  extended  the  fieldwork  in  1888-1889,  visiting  the  sections  in  the  far 
West,  but  was  interrupted  by  an  assignment  to  exploration  in  Alaska. 
His  observations  beyond  the  eastern  districts  being  thus  left  incomplete, 
the  correlation  essay  was  confined  to  the  Newark  formation.  It  is  a 
carefully  prepared  abstract  of  the  literature,  accompanied  by  original 
chapters  on  the  stratigraphy,  paleontology,  diastrophism,  and  degrada- 
tion of  the  formation.  Later  studies  have  contributed  additional  detail^ 
of  stratigraphy  and  structure  of  the  Newark,  but  they  have  not  modified 
Kussell's  conclusions  in  regard  to  its  former  distribution  and  the  geo- 
graphic conditions  of  the  epoch. 

A  logical  development  of  his  studies  of  western  Pleistocene  was  the 
investigation  of  subaerial  decay  of  rocks,  and  the  Triassic  invited  his 
attention  directly  to  the  cause  of  the  red  color  in  certain  deposits. 

Thus  closed  the  third  epoch  of  his  career,  during  which  he  worked 
against  his  inclination  and  reaped  but  little  result  from  nearly  four  year? 
of  industrious  application  to  the  tasks  assigned  him. 

Alaska  was  a  field  which  was  the  antithesis  of  the  Appalachian  for  a 
man  of  Russell's  abilities.  He  first  visited  it  in  1889,  as  the  representa- 
tive of  the  U.  S.  Geological  Survey  on  the  expedition  of  the  U.  S.  Coast 
and  Geodetic  Survey  to  determine  the  boundary  with  British  Columbia. 
After  many  weeks  of  steamer  travel  through  the  Yukon  flats,  with  little 
chance  for  geology,  he  cut  loose  from  the  expedition  on  the  upper  Yukon 
and  with  three  miners  came  out  across  the  ranges  to  the  coast.  Alert  to 
observe  the  features  of  stratigraphic  and  surface  geolog}',  he  made  thr 
most  of  the  somewhat  limited  opportunity  and  contributed  valuable 
observations  on  the  general  structure  of  the  Yukon  basin  and  the  limita- 
tions- of  Pleistocene  glaciation.  His  article  on  the  surface  geolog}'  of 
Alaska  lays  down  for  that  subject  the  principal  lines  of  investigation 
which  have  since  been  elaborated  by  others. 

Mount  Saint  Ellas,  then  supposed  to  be  the  highest  peak  in  Unitetl 
States  territory,  had  for  several  years  been  the  pole  of  Eussell's  purpo?*'. 
His  imagination  was  fascinated  by  the  snowy  heights  that  rise  in  alpint^ 
grandeur  near  the  sea,  yet  remained  untrodden.  In  contrast  with  thi> 
inaccessible  pinnacle  of  unknown  geologic  interest,  the  rich  fields  of 
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geology  within  easy  reach  had  no  attraction  for  him.  Better  an  hour  on 
that  frost-fettered  virgin  height  than  a  year  in  the  haunts  of  men. 
Through  the  cooperation  of  the  National  Geographic  Society  and  the 
U.  S.  Geological  Survey,  his  purpose  of  exploration  was  realized  and  he 
twice  visited  the  region.  He  did  not  attain  the  highest  summit,  being 
driven  back  repeatedly  by  storms,  and  the  last  time  when  all  the  difficul- 
ties of  the  ascent  had  been  overcome;  but  he  yielded  only  to  irresistible 
conditions  and  made  a  record  of  indomitable  pluck  and  perseverance. 
The  experience  which  he  gathered  at  cost  of  extreme  effort  and  risk  he 
placed  freely  at  the  service  of  others,  and  a  share  in  the  honor  of  the  suc- 
cessful ascent  made  by  the  Duke  of  the  Abruzzi  is  justly  granted  by  the 
latter  to  Russell. 

In  the  course  of  his  second  expedition  Eussell  was  separated  from  his 
companions  on  the  slopes  of  mount  Saint  Elias  and  proceeded  alone  to  a 
camp  they  had  established  above  the  ice  cascades  of  the  glaciers  beneath 
the  cliffs  that  define  the  peak.  The  others  were  to  join  him  there,  but  a 
heavy  storm  interfered  and  Russell  was  isolated  among  the  wildest  scenes 
of  alpine  crags  and  ice.  His  tent  was  crushed  and  he  burrowed  in  the 
snow,  where  he  measured  out  his  scant  supplies  into  eight  days^  rations 
and  prepared  himself  to  await  the  issue.  Afterward,  in  discussing  Cham- 
berlin^s  suggestion  that  heat  waves  might  be  transmitted  through  glacial 
ice,  he  once  remarked  that  none  penetrated  the  snowbank  in  which  he 
passed  three  days.  Storm  winds  whirled  through  the  amphitheater; 
avalanches  shot  from  the  cliffs ;  the  isolation  was  utter  and  to  many  men 
would  have  been  terrible;  but  Russell's  was  a  spirit  that  rose  with  the 
battling  elements  and  exulted  in  challenging  Nature's  most  savage  mood. 
The  expeditions  to  Saint  Elias  were  made  across  the  Malaspina,  the 
great  confluent  glacier  which  receives  the  alpine  ice-streams  of  the  range 
and  extends  to  the  coast,  where  it  is  in  part  covered  by  primeval  forest. 
The  opportunity  to  study  glacial  phenomena  was  unrivaled  and  was  fully 
exploited  by  Russell,  who  thus  by  direct  observation  made  us  acquainted 
with  the  piedmont  type  of  ice-sheet,  which  was  formerly  of  common  occur- 
rence throughout  the  northern  hemisphere. 

The  exploration  of  mount  Saint  Elias  was  the  most  striking,  but  not 
the  most  fruitful  of  Russell's  campaigns  against  the  unknown.  He  con- 
tinued his  sallies  into  unexplored  regions  during  the  years  following  1901, 
going  out  each  summer,  as  the  vacation  season  permitted.  He  repeatedly 
made  reconnaissances  in  Washington,  Oregon,  and  Idaho  for  the  U.  S. 
Geological  Survey,  and  there  are  extensive  areas  which  we  know  only 
through  his  publications. 

In  1892  Russell  succeeded  Alexander  Winchcll  in  the  chair  of  Geology 
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at  the  University  of  Michigan  and  established  his  home  at  Ann  ArV^r 
Five  rears  previously  (1887)  he  had  married  Julia  Angnsta  Olmsiea-i. 
who,  with  their  three  daughters  and  one  son,  survives  him.  The  hoin- 
circle  was  one  in  which  it  was  a  happy  privilege  to  be  welcomed,  and  in 
that  atmosphere  Russell,  talking  of  glowing  scenes  of  the  deserts  anl 
snow  peaks  he  knew  so  intimately,  revealed  beneath  the  quiet  exterior  ti^^ 
enthusiasm  of  an  artist. 

Russell's  place  in  science  was  determined  by  the  epoch  in  which  he  livol 
and  by  the  strong  impulses  of  his  own  nature.  The  conditions  of  the  one 
and  the  tendencies  of  the  other  were  in  harmony  when  he  began  his  career: 
later  the  conditions  changed,  but  Russell  did  not,  except  in  outward  com- 
pliance, and  he  remained  ever  a  frontiersman  of  science. 

In  the  eighteen  seventies  American  geography  and  geology  were  still 
sciences  of  exploration;  the  refinements  of  surveying  were  undevelopei: 
the  specialization  of  the  general  subject  had  scarcely  begun.  The  Fortieth 
Parallel  Survey,  which  is  now  regarded  as  high  grade  reconnaissance 
work,  was  the  standard  piece  of  geologic  surveying.  Geology,  was  a  rela- 
tively simple  study,  which  offered  vast  opportunities  to  keen  observers  and 
explorers,  but  made  relatively  slight  demands  upon  the  systematist  an^I 
the  specialist.  The  opportunities  were  those  which  Russell  was  most  abl»^ 
to  exploit  brilliantly;  the  demands  he  could  afford  to  overlook;  an*! 
throughout  his  career  he  always  sought  the  fresh  opportunity,  he  did  his 
best  work  in  virgin  fields.  He  takes  his  place  in  the  group  of  geographer? 
and  geologists,  of  whom  it  suffices*  to  name  Xewberry,  Hayden,  Powell, 
and  Richthofen — men  who  did  pioneer  work,  which  is  the  essential  foun- 
dation of  later  research ;  men  who  have  blazed  out  the  way,  both  physically 
and  intellectually,  for  the  road-builders  who  follow:  men  to  whom  all 
honor  is  due  for  the  courage  and  high  purpose  they  had  in  the  face  of 
difficulties,  and  to  whom  we  owe  a  debt  of  gratitude  for  the  greater 
opportunities  they  have  opened  to  us. 
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BY   JOHN   E.    WOLFF 

Nathaniel  Southgate  Shaler  was  bom  at  Newport,  Campbell  county, 
Kentucky,  February  20,  1841,  and  died  in  Cambridge,  Massachusetts, 
April  10,  1906.  His  father^s  people  migrated  from  England  to  Jamaica, 
and  from  there  to  New  York  state  and  Connecticut.  His  father,  Doctor 
Nathaniel  Burger  Shaler,  graduated  from  Harvard  College  in  1827  anJ 
from  the  Medical  School  in  1829 ;  he  then  went  to  Cuba,  and  from  there 
to  Newport,  Kentucky,  opposite  Cincinnati,  where  he  settled  and  practiced 
his  profession.  He  married  Ann  Hind  Southgate,  of  a  prominent  family 
of  that  name,  of  Virginia  origin.  Doctor  Shaler  was  not  only  a  highly 
educated  man  in  the  usual  sense,  but  he  had  a  taste  for  natural  history 
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and  knew  something  of  geology.  He  owned  what  we  might  call  an  experi- 
mental farm  a  few  miles  from  Newport,  where  in  his  spare  time  he  culti- 
yated  new  varieties  of  seed,  tobacco,  and  grapes,  and  also  experimented 
with  breeds,  of  sheep.  The  son  was  much  about  with  his  father  in  the 
open,  often  galloping  out  to  the  farm  from  town  on  a  pet  mare,  and  was 
encouraged  by  his  father  in  making  experiments  of  his  own  with  plants 
and  in  collecting  specimens  interesting  to  a  boy,  such  as  minerals,  arrow- 
heads, and  so  on.  The  bo/s  health  was  delicate,  so  his  school  attendance 
was  irregular  and  his  formal  training  was  acquired  from  a  learned  Ger- 
man named  Escher,  with  whom  his  studies  were  of  the  philosophic  and 
literary  kind.  From  his  mother  he  inherited  his  intense  energy  and 
(juiekness  of  repartee,  and  from  her  father  he  absorbed  much  of  general 
culture,  for  his  grandfather  was  a  good  Greek  and  Latin  scholar,  of  a 
wide  acquaintance  with  things  intellectual,  to  whose  discerning  talk  the 
boy  listened  eagerly.  Thus  he  grew  up  constantly  in  the  open  and  trained 
in  out-of-door  accomplishments,  familiar  with  plants  and  animals  and 
loving  Nature,  while  at  home  his  appreciation  for  the  things  in  books 
was  growing  under  this  personal  tmvironment. 

Young  Shaler  entered  the  Lawrence  Scientific  School  in  1859,  when 
18  years  old,  registering  in  the  course  in  zoology  and  geology,  under 
Louis  Agassiz,  whose  fame  attracted  students  from  the  entire  country. 
Among  his  classmates  are  found  the  names  of  Alexander  Agassiz,  Daniel 
C.  Eaton,  Alpheus  Hyatt,  F.  W.  Putnam,  A.  E.  Verrill,  Burt  G.  Wilder, 
A.  S.  Bickmore,  A.  S.  Packard,  and  others,'  men  who  have  spread  the 
studv  of  natural  historv  in  this  country.  While  a  student,  he  with  Verrill 
and  Hyatt  made  an  excursion  in  1861  to  the  island  of  Anticosti,  studying 
the  geology  and  collecting  fossils,  the  'first  of  his  many  wanderings  over 
the  surface  of  North  America.  He  received  his  degree  of  B.  S.  in  1862, 
when  21  years  old ;  but,  without  waiting  for  commencement,  enlisted  in 
the  Federal  army  in  Kentucky  and  was  commissioned  as  captain  of  the 
Fifth  Kentucky  battery,  called  "Shaler^s,"  and  served  two  years,  mainly 
in  Kentucky.  A  volume  of  poetry  published  since  his  death  deals  with 
this  phase  of  his  life.  Eetuming  in  1864  to  the  Museum  of  Comparative 
Zoology,  he  was  appointed  "Assistant  in  Paleontology,'^  with  general 
charge,  under  Louis  Agassiz,  of  that  department.  In  this  year,  when  23 
years  old,  he  began  his  first  public  course  of  lectures  at  the  Museum,  on 
the  "Geological  succession  of  the  brachiopoda"  and  on  the  "Elevation  of 
continents.''  In  1866  he  was  obliged  to  suspend  his  work,  owing  to  ill 
health,  and  spent  over  a  year  traveling  in  Europe,  visiting  many 
museums,  seeing  classical  geological  districts,  and  meeting  such  men  as 
DnrwitJ,  r^yoll,  and  Elie  de  Beaumont. 
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An  incident  illustrating  Mr.  Shaler's  love  of  fun  is  that  when  calling 
on  Darwin  he  brought  with  him  a  spirited  American  cartoon  represent- 
ing the  old  ape  instructing  the  youthful  Darwin,  which  delighted  the 
great  naturalist. 

Soon  after  resuming  his  work  at  Cambridge  he  received  his  first  formal 
appointment  from  the  corporation  of  Harvard  College  as  "Lecturer  on 
paleontology  and  animal  life  considered  in  its  geological  relations,''  and 
a  year  later,  in  1869,  when  28  years  old,  was  appointed  "Professor  of 
Paleontolog}^"  (changed  in  1888  to  "Professor  of  Geology^').  His  second 
exploration,  namely,  an  excavation  for  fossil  bones  at  Big  Bone  lick, 
Kentucky,  was  made  in  1868 ;  and  now,  besides  giving  lectures  to  under- 
graduates in  zoology  and  paleontology,  he  began  to  supplement  Loui? 
Agassiz's  lectures  in  geology  by  field  excursions.  Gradually  the  latter 
turned  over  to  him  much  of  the  instruction  in  these  subjects  as  ill  health 
or  his  many  undertakings  necessitated. 

A  third  excursion  was  made  with  students  in  1870  to  the  James  river. 
Virginia,  and  to  other  states  to  collect  fossils.  Resigning  to  others  in- 
struction in  zoolog}'.  Professor  Shaler  now  concentrated  his  teaching  on 
paleontology  and  geology,  especially  the  latter,  and,  having  seen  th<' 
establishment  of  the  Summer  School  of  Zoology  at  Penikese  in  1873,  he 
inaugurated  the  first  summer  school  of  geology  himself,  with  the  famous 
session  of  1875,  at  Cumberland  Gap,  Virginia. 

In  1873  he  was  appointed  State  Geologist  of  Kentucky,  retaining  tlii> 
office  seven  years.  The  original  survey,  begun  in  1854  by  David  Dale 
Owen,  had  lapsed,  most  of  the  records  had  been  destroyed  by  fire,  and 
nearly  all  of  the  assistants  had  passed  away,  and  yet  it  was  specified  in  the 
law  establishing  the  new  survey  that  it  should  begin  where  Owen's  left 
oflf.  This  appealed  to  Mr  Shaler's  sense  of  humor,  but  he  proceeded  to 
carry  out  the  plan  as  far  as  he  could.  The  results  are  shown  in  five 
volumes,  published  under  his  direction,  dealing  with  the  resources, 
geology,  and  natural  history  of  the  state.  During  the  years  of  this 
directorship  he  spent  his  summers  largely  in  Kentucky  and  adjacent  parts 
of  Virginia,  permitting  a  number  of  advanced  students  of  geology  to 
accompany  the  survey  parties,  who  not  only  paid  their  own  expenses,  but 
often  assisted  in  the  work  in  any  humble  way  permitted  and  were  proud 
of  the  privilege.  At  the  same  time  the  geological  department  which  he 
had  founded  at  Harvard  was  rapidly  growing  and  William  M.  Davis  be- 
gan to  take  a  share  of  the  instruction. 

In  1881-1882  Shaler  was  in  Europe,  spending  part  of  the  time  in  Italy. 
Soon  after  his  return  he  became  one  of  the  commissioners  for  the  topo- 
graphical survey  of  Massachusetts,  which,  in  cooperation  with  the  U.  S. 
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Geological  Survey  under  Major  Powell,  soon  completed  the  topographical 
map  of  the  state. 

In  1884  Professor  Shaler  was  appointed  in  charge  of  the  Atlantic 
Coast  Division  of  the  National  Survey  and  continued  this  connection 
until  1900,  in  the  last  seven  years  as  a  separate  party.  The  original  field 
of  this  division  included  the  investigation  of  coastal  lands,  changes  of 
level,  phosphate  beds,  bog  ores,  etc.,  near  the  coast,  but  it  soon  broadened 
to  cover  many  areas  of  rock  geology,  especially  the  Mount  Desert  island, 
the  Xarragansett  coal-field  and  adjacent  territory,  and  the  Eichmond. 
Virginia,  coal-field.  The  surface  geology  of  nearly  the  whole  of  New 
England  was  ultimately  included ;  so  that  in  the  sixteen  years  of  his  con- 
nection with  the  U.  S.  Geological  Survey  he  and  his  associates  contributed 
many  large  and  small  papers  to  the  annual  reports  and  bulletins  (rf  the 
Survey  and  to  outside  publications. 

In  connection  with  this  and  earlier  work  done  for  the  Coast  Survey, 
Mr  Shaler  used  to  say  he  had  traveled  on  foot  nearly  the  whole  coastline 
from  Maine  to  Florida,  which  a  hearer  who  was  familiar  with  his  long 
strides  had  no  difficulty  in  believing.  He  made  two  explorations  of  the 
Dismal  swamp,  a  trip  through  the  marsh  district  about  the  mouth  of  the 
Mississippi,  and  a  visit  to  the  swamps  of  Michigan,  Wisconsin,  Minnesota, 
and  Dakota. 

In  the  winter  of  1887-1888  he  went  to  Florida,  examining  the  phos- 
phate beds  southerly  from  Charleston,  and  then  the  Everglades  and  360 
miles  of  the  east  coast  of  Florida.  On  this  trip  the  boat  in  which  the 
party  were  sailing  capsized  during  the  night  near  an  uncharted  reef.  The 
shore  was  reached  with  the  greatest  difficulty,  and  then  followed  a  long 
walk  to  the  nearest  habitation.  Mr  Shaler  published  an  article  on  this 
unexpectedly  discovered  reef. 

Among  his  more  important  Survey  publications  resulting  from  this 
period  may  be  mentioned : 

In  1885 :  "Preliminary  report  on  seacoast  swamps  of  the  eastern  United 
States." 

1888 :  "Report  on  the  geology  of  Marthas  Vineyard." 

1889 :  "The  geology  of  Cape  Ann,  Massachusetts;"  "The  geology  of  the 
island  of  Blount  Desert,"  and  "Tlie  geology  of  Nantucket." 

1890:  "General  account  of  the  fresh-water  morasses  of  the  United 
States,  with  a  description  of  the  Dismal  Swamp  district  of  Virginia  and 
North  Carolina." 

1892 :  "The  nature  and  origin  of  soils." 

1893 :  "The  geological  history  of  harbors." 

1895:  "Peat  deposits." 
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1898 :  "Geology  of  the  Cape  Cod  district." 

And  in  joint  authorship  with  others: 

In  1888 :  "On  the  geology  of  the  Cambrian  district  of  Bristol  county, 
Massachusetts/' 

189G:  "The  glacial  brick  clays  of  Rhode  Island  and  southeastern  Mas- 
sachusetts." 

1899:  "Geology  of  the  Xarrangansett  basin"  and  "Geology  of  th»' 
Richmond  basin,  Virginia."  In  the  course  of  this  work  Mr  Shaler  dis- 
covered the  Cambrian  fossils  of  Attleboro,  Massachusetts,  and  the  Creta- 
ceous of  Marthas  Vinevard. 

In  this  same  period,  in  addition  to  his  service  to  the  state  of  MavV^- 
chusetts  in  connection  with  the  topographic  map,  Mr  Shaler  served  ou 
two  other  commissions,  the  national  importance  of  which  is  for  diffen*iit 
reasons  now  apparent.  The  first  was  as  a  member  of  a  committee  of  tlu- 
State  Board  of  Agriculture  for  the  suppression  of  the  gyp^y  moth.  Hf 
entered  with  vigor  into  the  fight  against  this  pest,  taking  a  prominent 
part  in  the  organization  of  the  work  and  in  attempting  to  impress  on  tho 
public  the  need  of  doing  it  in  time.  The  second  commission  had  a  more 
grateful  task,  namely,  that  of  improving  the  highways  of  Massachusetts, 
and  Mr  Shialer  was  one  of  the  original  three  members  of  the  Massaclnis- 
etts  Highway  Commission,  which  in  its  ideals  and  methods  of  work  \\'a> 
served  as  a  model  for  other  states. 

I  will  quote  from  a  letter  of  the  present  chairman,  Mr  W.  E.  McClin- 
tock,  dealing  with  Mr  Shaler's  part  in  the  l)eginning  of  this  great  movi- 
ment.     He  savs : 

"Professor  Shaler  wiis  an  enthusiastic  ailvooate  of  good  niads.  and  his  uuinor- 
ous  writinjfs  and  talks  hro\ight  a  very  lai*j:e  number  of  educated  thinking;  mni 
to  the  Kupport  of  the  movement,  and  to  him  more  than  to  any  one  man  is  due 
the  strong  support  of  the  commission  by  this  class  of  men.  Ills  fat-lle  pci 
made  the  annual  reix)rt  of  the  commission  held  In  such  hijrh  repute  that  tlie 
usual  editions  were  exhausted  before  the  demand  ceased.'* 

The  (icological  Survey  published  a  paper  of  his  in  1895  on  the  geoloiry 
of  the  road-building  stones  of  Massachusetts  and  elsewhere.  In  this  field 
he  had  organized  a  la))oratory  for  physical  tests  of  road  materials,  a  work 
which  was  subsequently  taken  up  by  the  U.  S.  Department  of  Agriculture. 

In  addition  to  such  work,  allied  to  economic  geology,  he  at  various 
times  reported  and  advised  on  mines  and  quarries,  and  in  his  long  list  of 
publications  are  found  several  dealing  with  building  stones.  In  the  latter 
y(»ars  he  became  interested  in  the  question  of  working  low-grade  platvr 
deposits,  and  finally  organized  and  directed  a  large  and  successful  untler- 
taking  of  this  kind  in  Montana.    These  various  interests,  theoretical  and 
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practical,  took  him  to  many  parts  of  this  continent,  including  Cuba  and 
Alaska,  so  that  it  would  perhaps  have  been  difiicult  to  find  any  one  who 
had  seen  underslandingly  more  of  the  country  and  its  people. 

These  travels  and  investigations,  covering  thirty-five  crowded  years, 
had  been  carried  on  simultaneously  with  his  university  duties,  which  were 
constantly  growing  in  extent  and  importance. 

Xo  instructor  at  Harvard  has  held  the  position  which  Shaler  did  in  the 
eves  and  in  the  hearts  of  the  students.  His  elementary  course  of  lectures 
on  the  principles  of  geology  ("Xatural  History,"  afterwards  "Geology  4") 
reached  the  high-water  toark  of  attendance,  with  between  five  and  six  hun- 
dred hearers,  and  many  working  geologists  of  the  country  can  say  with 
the  writer  that  their  first  interest  in  natural  history,  especially  in  geol- 
ogy, was  inspired  by  this  elementary  course.  He  also  taught  elementary 
paleontology  and  advanced  geology,  always  aiming  to  present  underlying 
principles,  but  with  less  attention  to  detail.  It  is  estimated  that  about 
s(»ven  thousand  students  came  under  his  direct  instruction  in  this  long 
term  of  years,  probably  a  greater  number  than  had  before  been  taught  this 
subject  by  any  one  man.  Until  his  administrative  duties  prevented,  he 
was*  much  in  the  field,  both  summer  and  winter,  with  advanced  students. 

His  teaching,  however,  was  only  a  part  of  his  activity  in  the  university ; 
for,  besides  the  summer  schools,  he  originated  and  directed  many  othqf 
ways  of  assisting  the  students,  especially  those  who  were  strangers  or 
were  poor.  He  was  ready  with  advice  and  sympathy,  often  of  a  material 
kind,  for  any  who  came  to  him  in  trouble. 

The  great  university  task  and  achievement  of  the  last  fifteen  years  of 
his  life  was  the  successful  reorganization  and  development  of  the  Law- 
rence Scientific  School,  which  had  been  overshadowed  by  the  development 
of  Harvard  College.  Mr  Shaler  became  dean  in  1891,  and  vigorously  took 
lip  the  work  of  enlarging  the  instruction  and  resources  and  of  attracting 
students ;  not  only  were  the  existing  departments  remodeled,  but  new  .ones 
were  added  from  time  to  time,  such  as,  for  instance,  that  of  mining  and 
metallurgy,  which  at  the  time  of  his  death  had  become  a  flourishing  and 
well  equipped  department.  The  result  was  seen  in  an  increase  in  at- 
tendance  from  118  in  1891  to  504  in  1906.  His  friend,  Gordon  Mackave, 
left  his  great  fortune  for  the  endowment  of  applied  science  in  the  univer- 
sity, and  at  the  time  of  his  death  Mr  Shaler  was  actively  planning  the 
development  to  follow  from  the  application  of  this  fund. 

Mr  Shaler^s  personality  was  striking  and  original.  He  was  tall  and 
well  proportioned,  neither  slender  nor  stout,  with  erect,  active  carriage; 
he  had  prominent  features,  with  large  blue-gray  eyes  and  thick  hair, 
brushed  back  from  his  high  forehead.    In  lecturing  or  speaking  he  rarely 
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used  gestures^  his  favorite  poee  being  to  rest  both  hands  on  a  book.  Aiil 
what  flashing  speaking  that  was,  whether  formal  or  informal ;  never  hur- 
ried or  undignified,  but  in  turn  impressive  or  humorous  or  pictun^ju^ 
and  always  interesting.  The  charm  extended  to  all  kinds  of  people.  I 
have  seen  the  rough  mountaineers  of  the  south  listening  fascinated  to  'i- 
words  of  explanation  to  the  students  with  him.  Perhaps  some  intuit!  n 
of  the  kindness  of  heart  which  underlay  his  words  and  actions  had  tu  i* 
with  this,  for  3[r  Shaler  was  above  all  a  lover  of  his  fellow-men  and  wLai 
concerned  them;  this  was  well  expressed  when  in  1903  the  degnv  •►: 
LL.D.  was  conferred  on  him  bv  Harvard  as  ^^naturalist  and  humanist/' 

With  all  this  activitv  in  so  manv  different  lines,  he  vet  found  time  :■• 
practice  a  warm  hospitality  at  his  home  in  Cambridge.  He  was  marriri 
in  1862  to  Miss  Sophia  Page,  a  resident  of  Kentucky,  who  with  tu- 
daughters,  Mrs  Willoughby  L.  Webb  and  Mrs  Walter  L.  Page,  suni\^"^ 
him-  The  host  and  hostess  welcomed  to  their  home  not  only  those  wh* 
might  fairly  be  expected  to  offer  some  mutual  entertainment,  but  ai-*» 
with  true  kindness  the  young  and  often  bashful  newcomers  in  the  e<jlle-j» . 

Professor  Shaler's  publications  dealing  with  geology  and  kindred  topi«  - 
number  nearly  two  hundred  titles  besides  many  popular  articles  in  tli»* 
magazines.  They  deal  with  paleontology  (especially  in  the  earlier  year?). 
glaciation,  mountain-building,  shorelines,  earthquakes,  the  elevation  of 
continents,  swamps  and  peat-deposits,  soils,  phosphate  beds,  petroleum. 
coal,  building  stones,  changes  of  climate,  caverns,  and  many  others.  He 
published  various  separate  works,  such  as  text-books  and  popular  w<^rk- 
dealing  with  various  features  of  geology,  always  emphasizing  the  relati'n 
to  man.  His  "First  Book  of  Geolog/'  was  translated  into  Polish.  Hi- 
last  important  scientific  publication,  "A  comparison  of  the  features  of  the 
earth  and  the  moon,"  published  in  1903  by  the  Smithsonian  Institution, 
with  superb  plates,  is  an  interesting  attempt  to  explain  lunar  features  by 
the  experience  of  geology.  It  illustrates  an  unexpected  persistency  in 
following  certain  lines  of  research,  for  his  work  with  the  telescope  hy! 
been  done  thirtv  vears  earlier.  I  am  told  that  for  several  vears  before  hi? 
death  he  had  been  studying  the  coast  charts  of  the  world  in  continuation 
of  his  earlier  work  on  shorelines  and  had  even  visited  EgA'pt  with  this  in 
mind. 

Among  his  miscellaneous  writings  mention  should  be  made  of  a  serl*- 
of  philosophical  essays  entitled  "The  citizen,  a  study  of  the  individiiA' 
and  the  government ;"  "The  individual,  a  study  of  life  and  death  ;'■  "Th- 
neighbor,  the  natural  history  of  human  contacts,"  and  others,  which  deal 
with  these  subjects  in  an  original  way  from  the  point  of  view  of  i^i^ 
naturalist. 
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Lastly,  within  a  few  years  Mr  Shaler  ventured  into  the  field  of  general 
literature  and  poetry.  His  drama,  "Elizabeth  of  England,"  has  been 
highly  praised  as  a  noble  work  of  imagination  and  diction.  A  posthu- 
mous volume  of  poetry,  "From  old  fields,"  has  been  mentioned. 

It  is  too  early  to  estimate  the  value  of  his  formal  contributions  to 
American  geology,  of  which  but  an  imperfect  account  has  been  given, 
but  there  can  be  no  doubt  as  to  the  immense  influence  he  exerted  as  a 
teacher  and  expositor  of  the  subject.  He  recognized  the  preeminent  place 
accorded  to  him  in  this  respect  by  chosing  as  the  subject  of  his  presi- 
dential address  to  this  Society  in  1895  "The  relations  of  geologic  science 
to  education."  It  is  perhaps  as  one  of  the  great  teachers  of  geology  that 
he  will  be  best  remembered  by  us,  and  may  the  inspiration  he  gave  long 
continue  to  bear  fruit. 
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counties.     (N.  S.  Shaler  and  A.  R.  Crandall.)     Kentucky  Geol.  Sur- 
vey. N.  S.,  vol.  1,  pt.  1,  1876,  pp.  1-26. 
Introduction  to  report  on  the  botany  of  Barren  and  Edmonson  counties 

by  John  Hussey.    Kentucky  Geol.  Survey.  N.  S.,  vol.  1,  pt  2,  1876, 

pp.  27-58. 
1877.    On  the  origin  of  the  galena  deposits  of  the  Tapper  Cambrian  rocks  of 

Kentucky.    Kentucky  Geol.  Survey,  reports  of  progress.  N.  S.,  vol.  2, 

1877,  pp.  277-292. 

A  general  account  of  the  Commonwealth  of  Kentucky,  prepared  by  the 

Geological  Survey  of  the  Commonwealth.    Kentucky  Geol.  Survey, 

reports  of  progreps.  N.  S.,  vol.  2,  1877.  pp.  361-468,  map.    Published 

separately,  Frankfort.  1876.    Map  republished  in  black  in  Report  of 

Kentucky  Commission  of  Agriculture.  1877. 
On  the  geographical  and  geological  distribution  of  the  genus  Beatrioia. 

and  of  certain  other  fossil  corals  in  the  rocks  of  the  Cincinnati 

group.     Title  in  Proc.  A.  A.  A.  S.,  vol.  26,  1877. 
On  the  recent  formation  of  a  small  anticlinal  axis  In  Lincoln  county, 

Kentucky.    Title  in  Proc.  A.  A.  A.  S..  vol.  26,  1877. 
On  the  continuation  of  the  fold  of  the  Alleghany  chain  to  the  north  of 

the  Delaware  river.    Title  in  Proc.  A.  A.  A.  S..  vol.  26.  1877. 
Account  of  some  lunar  phenomena.    Title  in  Proc.  Am.  Acad.  Arts  and 

Sciences,  vol.  38,  1903. 
Geological  Survey  of  Kentucky,  reports  of  progress,  N.  S.,  vol.  3,  1877, 

451  pp..  5  maps. 
General  report  of  the  Geological  Survey  of  Kentucky.    Kentucky  Geol. 

Survey,  N.  S.,  vol.  3,  pt  1,  1877,  pp.  1-30. 
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History  of  tbe  operations  of  the  survey  in  1874  and  1875.     Kentucky 

Geol.  Survey,  X.  S.,  vol.  3,  pt  2,  pp.  31-127. 
Notes  on  tbe  investigations  of  tbe  Kentucky  Geological  Survey  durin;^ 

tbe  years  1873,  1874.  and  1875.    Kentucky  Geol.  Survey,  N.  S.,  voL 

3,  pt.  3,  pp.  129-240. 
Annual  report  of  N.  8.  Sbaler  for  the  year  1876.    Kentucky  GeoL  Sur- 
vey. N.  S.,  vol.  3.  pt.  4.  1877,  pp.  283-315. 
The  transportation  routes  of  Kentucky  and  their  relation  to  the  economic 

resources  of  the  commonwealth.     Kentucky  Geol.   Survey,   N.  S« 

vol.  3,  pt  5,  pp.  316-346. 
Description  of  the  preliminary  topographical  and  geological   maps  of 

Kentucky,  edition  of  1877.     Kentucky  Geol.  Survey,  N.  S.,  vol.  3, 

pt   6,   pp.  347-364. 
Annual  report  of  N.  S.  Sbaler,  state  geologist,  for  1877.    Kentucky  (5eoI. 

Survey,  N.  S.,  vol.  3,  pt  7,  pp.  365-414. 
Report  on  the  unfinished  work  of  tbe  survey  of  the  commonwealth  under 

the  direction  of  Dr  David  Dale  Owen.    Kentucky  Geol.  Survey,  N.  S.. 

vol.  3,  pt  8,  pp.  415-420. 
On  tbe  cause  and  geological  value  of  variation  in  rainfall.    Proc  Bo*t. 

8oc.  Nat.  HisU  vol.  18,  1877,  pp.  176-182. 
Propositions  concerning  the  motion  of  continental  glaciers.    Proc  Bont 

8oc,  Nat  Hist,  vol.  18,  1877,  pp.  126-133. 
Notes  on  the  age  and  the  structure  of  tbe  several  mountain  axes  in 

the  neighborhood  of  the  Cumberland  gap.     AmciHcan  Naturalist 

vol.   11,  1877,  pp.  385-392. 
On  the  existence  of  the  Alleghany  division  of  tbe  Appalachian  range 

within  the  Hudson  valley.     American  Naturalist,  vol,  11.  1877.  pp, 

627-628. 
1878.    Thoughts  on  tbe  nature  of  intellectual  property  and  its  importance  to 

the  state.     Boston.  1878. 
Mammoth  Cave.     Johnson's  New  Universal  Encyclop«Hiia. 
Recent  changes  of  level  of  the  coast  of  Maine.     Mem.  Bost.  8oc,  Not, 

Hist,,  vol.  2,  1878,  pp.  320-341. 
1870.    Petroleum.     Kentucky  Geol.  Sui-vey,  Bull.  no.  1,  pp.  5-20. 

On  the  Improvement  of  the  rivers  of  Kentucky.    Kentucky  Geol.  Survey, 

Bull.  no.  2,  pp.   13-21. 
On  tbe  Importance  of  Improvement  in  the  Navigation  of  tbe  Kentucky 

River   to   the   mining   and   manufacturing  interests   of  Kentucky. 

N.  S.  Sbaler  and  J.  R.  Procter.    Kentucky  Geol.  Survey,  Bull.  no.  3. 

pp.  22-45. 
1880.    Summary  of  tbe  work  of  the  Geological  Survey  for  the  years  1878-1879. 

Kentucky  Geol.   Survey. 
Outline  of  the  geology  of  Boston  and  its  environs.     (Justin  Winsor,  edi- 
tor of  The  Memorial  History  of  Boston,  etc.,  vol.  1,  pp.  1-8.) 
Proposition  concerning  the  classification  of  lavas,  considered  with  refer- 
ence to  the  circumstances  of  their  extrusion.    Bost.  8oc.  Nat.  Hisi^ 

Anniversary  Memoirs,  1880,  15  pp. 
Preliminary  report  on  the  natural  resources  of  tbe  country.    Cambridge. 

Massachusetts.     4  pp. 
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Prelliuinarj^  report  concerning  the  resources  of  the  country  adjacent 

to  the  line  of  the  proposed  Richmond  and  Southwestern  railway. 

Map.     Cambridge. 
1881.   The  island  of  Campobello.    Preliminary  report.    Cambridge,  1881,  vol.  1, 

pp.   11. 
Notes  on  the  submarine  coast-shelf,  or  hundred-fathom  detrital  fringe. 

Proc,  Bost  8oc.  Xat.  Hi»t.,  vol.  20,  pp.  278^4282. 
Illustrations  of  the  earth's  surface.     I.  Glaciers.     (N.   S.   Shaler  and 

\V.  M.  Davis.)     Boston,  1881. 
Notes  on  certain  evidences  of  a  gradual  passage  from  sedimentary  to 

volcanic  rocks  shown  in  Brighton  district  of  Boston.     Proc.  Bost, 

8oc\  Xat.  HisU  vol.  20,  1881,  pp.  129-133. 
Great  Kanawha,  West  Virginia,  iron  ores  and  coals.    The  Black  Band 

Iron  and  Coal  Company.    The  Virginias,  vol.  2,  1881,  pp.  154-155. 
lS8.'j.    Report  on  the  Croton  m'agnetic  iron  mines.    Cambridge,  Massachusetts. 

25  pp. 
On  the  recent  advances  and  retrocessions  of  glaciers.    Proc.  Bost,  Soc. 

yaU  Hist,  vol.  21,  1883,  pp.  162-167. 
1884.  General  report  on  the  building  stones  of  Rhode  Island.  Massachusetts, 

and  Maine.    10th  Census  C.  S.,  report  on  the  building  stones  of  the 

U.  S.  and  statistics  of  the  quarry  industries  for  1880,  vol.  10,  1884, 

pp.  107-116. 
Reix)rt  on  the  resources  of  the  region  adjacent  to  the  proposed  Cin- 
cinnati and  Southwestern  railway.    Cambridge,  Massachusetts.    28 

pp.     Map. 
188.").  .  Preliminary  report  on  seacoast  swamps  of  the  eastern  United  States. 

U.    S.    Geol.    Survey,   6th   Annual   Report,   1884-1885,   pp.   353-^98. 

Washington,  1885.     Abstract,  American  Geologist,  vol.  1,  1888,  pp. 

258-259. 
Kentucky :  A  pioneer  commonwealth.    Boston,  Massachusetts,  1885.    16**. 
Report  of  the  Atlantic  coast  division.    U.  S.  Geol.  Survey,  6th  Annual 

Report  1884-1885,  pp.  18-22.    Washington,  1885. 
lS.sr».    A  series  of  twenty-five  colored  geological  models  and  twenty-five  photo- 
graphs of  important  geological  objects,  each  accompanied  by  letter- 
press description.     (N.  S.  Shaler,  W.  M.  Davis,  and  T.  W.  Harris.) 

Boston,  Massachusetts,  D.  C.  Heath  &  Co. 
Preliminary  report  on  the  geology  of  the  Cobscook  Bay  district,  Maine. 

American  Journal  of  Science,  3d  series,  vol.  32.   1886.  pp.  35-60. 

Abstract,  American  Naturalist,  vol.  20,  1S86.  p.  969. 
1S87.    A  first  book  in  geology,  designed  for  the  use  of  beginners.    Boston,  1887. 

The  same.     Boston.  1897. 
On  the  original  connection  of  the  eastern  and  western  coal  fields  of  the 

Ohio  valley.     Mem.  Mus.  Comp.  Zool..  vol.  16.  no.  2.  1887,  pp.  1-11, 
Fluvlatile  swamps  of  New  England.    American  Journal  of  Science,  3d 

series,  vol.  33,  1887,  pp.  210-221.    Abstract.  Popular  Science  Monthly, 

vol.  33.  1887,  pp.  142-143. 
Field  geology.    Popular  Science  Monthly,  vol.  21,  June.  1887,  pp.  80-82; 

.Tuly.  1887,  pp.  94-96. 
The  stability  of  the  earth.    Scrilner's  Magazine,  1887,  pp.  259-279. 
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Notes  on  the  Taxodium  dittichium,  or  bald  cypress.     On  tbe  oriinnal 

connection  of  the  eastern  and  western  coal-fields  of  tbe  Ohio  Tsilley. 

Mem.  Mu9,  Comp.  ZooL,  1887,  vol.  16,  pp.  1.  2. 
On  the  forests  of  North  America.    Scribner*»  Magazine,  vol.  1.  no.  r>. 
On  the  ori^n  and  nature  of  rock  gas.    The  Forum,  April,  1887. 
On  tbe  instability  of  the  atmosphere.    Scribner's  Magazine,  toI.  2.  ua  2. 
Caverns  and  cavern  life.    Scribner's  Magazine,  vol.  2,  no.  5,  pp.  449-172. 
188a    Report  on  the  geology  of  Marthas  Vineyard.     U.  S.  Geol.  Survey.  7th 

R^mrt.  1885-1886,  pp.  297-363,  pis.  19-29.    Abstract,  Science,  voL 

13,  p.  343,    American  Geologist  vol.  4,  1889,  pp.  104-106. 
The  crenetic  hypothesis  and  mountain  building.    Science,  voL  11.  1>^. 

pp.  280-281. 
Origin  of  tbe  divisions  between  the  layers  of  stratified  rockSw    Proc.  Bf>»t. 

Soc.  \aL  Hist.,  vol.  23,  1888,  pp.  406^19. 
Report  Atlantic  Coast  DiviPion  of  Geology.     V.  S.  Geol.  Survey.  Ttb 

Report  188r^l886,  pp.  01-65.  Washington,  1888. 
Volcanoes.  Scribner's  Magazine,  188a  pp.  201-22a 
Animal  agency  in  soil  working.    Popular  Science  Monthly,  vol.  32.  no.  -L 

pp.  4ai-^87. 
On  the  study  of  nature.    Popular  Science  Monthly  and  Boston  Journal 

of  Chemistry,  vol.  22,  no.  3,  p.  34,  and  no.  5,  pp.  49-50. 
Introduction.    Nature  and  origin  of  deposits  of  phosphates  of  lime,  hy 

R.  A.  F.  Penrose,  Jr.    Bulletin  no.  46,  U.  S.  Geol.  Survey,  vol.  7,  w 

483-^94.     Washington,  188a     Abstract  Science,  vol.  la  18Sa  w- 

144^146. 
On  the  geology  of  the  Cambrian   district  of  Bristol   County.   Mass;v 

chusetts.    Bull.  Mus.  Comp.  Zool.,  vol.  16,  no.  2, 1888,  pp.  13-2ri.  Map. 
Dzieje  ziemi,  czyli  Poczatki  geologfi.     Przeozy  z  angielskiego  z  upowaz- 

nienia   autora   Heuryk  Wemic.     Przerjraeli   i   dopenili  dopiskaiui 

Antoni  S16sarski  i  J6zef  Siemeradzki.     Warszawa.     (A  translatii»Ti 

of  his  First  Book  in  Geolog>'.) 
Rivers  and  valleys.    Scribner's  Magazine,  vol.  4,  no.  2.  188a  pp.  131-l.Vi, 
On  the  origin  of  kames.     Proc.  Bost.  Soc.  Nat.  Hist.  vol.  23,  1888,  pp, 

30--44. 
The  Law  of  Fashion.    The  Atlantic  Monthly,  vol.  61,  no.  365,  pp.  38ti-:s»N. 
1880.    The  geology  of  Nantucket     Bulletin  no.  53,  V.  S.  Geol.  Survey,  voL  *^. 

pp.   601-65.3,   10  plates.     Washington.    1889.     Abstracts,   Amerinui 

Oeologist  vol.  5.  1890,  pp.  111-114.     Popular  Science  Monthly,  vol. 

36.   1890.  p.  567. 
PhyKiography   of   North   America.     Narrative   and   critical    history   *'f 

America.     Boston   [1884],  vol.  4,  pp.  1-xxx. 
The  Geology  of  the  island  of  Mount  Desert  Maine.    U.  S.  Geol.  Surrey. 

8th  Report,  pp.  987-1061,  plates  64-76.    Washington,  1889.    Abetrait. 

American  Geologist,  vol.  6,  3890,  pp.  197-19a 
Report  Atlantic  Coast  Division.     U.  S.  Geol.  Survey.  9th  Report,  vp 

71-74.     Washington,  1889. 
Aspects  of  the  earth:  A  popular  account  of  some  familiar  geologit*:*! 

plienomena,  xlx.  .344  pages.  15  plates.    New  York,  1889.    Tbe  sam€. 

Illustrated.     New  York.   1900. 
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Report  Division  of  Coast  Line  Geologj'.    V.  S,  OeoL  Survey,  8th  Report, 

pp.  125-128.     Washington,  1889. 
On  tlie  occurrence  of  fossils  of  the  Cretaceous  age  on  the  island  of 

Marthas  Vineyard,  Massachusetts.  Bull.  Mus.  Camp.  Zool.,  vol.  16, 

1889,  pp.  89-97,  plates  1,  2. 
The  Geology  of  Cape  Ann,  Massachusetts.     U.   S.   Geol.   Survey,  9th 

ReiK)rt.   pp.   529-611,   plates  32-37.     Washington,   1889.     Abstract, 
American  Geologist,  vol.  7,  1891,  p.  201. 
The  athletic  problem  in  education.     [Boston,  etc.,   1889],  8**,  pp.   10. 

Atlantic,  1889,  63,  79-88. 
Chance  or  design?     The  Andover  Revieic,  August,  1889,  pp.  1-17. 
Effects  of  permanent  moisture  on  certain  forest  trees.    Science,  March, 

1889,  pp.  176-177. 
1890.    General    ac(?ount   of   the   fresh- water   morasses   of   the   United    States, 

with  a  description  of  the  Dismal  Swamp  district  of  Virginia  and 

North   Carolina.     U.    S.    Geol.    Survey,   10th   Report,   pp.   255-339, 

plates  6-19.     Washington,  1890.     Abstract,  pp.  15-16. 
Remarks   on   conditions   attending   a   Pleistocene   submergence  on   the 

Atlantic  coast.     Bull.  Geol.  Soc.  Am.,  vol.  1,  1890,  p.  409. 
The  topography  of  Florida.     Bull.  Mus.  Comp.  Zool.,  vol.  16,  pp.  139- 

156,  plate.    Abstract,  American  yaturalist,  vol.  24,  1890,  p.  768. 
Note  on  glacial  climate.     Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  24,  1890,  pp. 

460-465.     Abstract,  American  Geologist,  vol.  5,  1890,  p.  124. 
Rock  gases.     The  Arena,  1890,  vol.  1.  pp.  631-642. 
Rei>ort,  Atlantic  Coast  Division.     U.  S.  Geol.  Survey,  10th  Report,  pp. 

117-119.     Washington,   1890. 
Soils  of  Massachusetts.     (Lecture  delivered  at  the  annual  meeting  of 

the  Massachusetts  State  Board  of  Agriculture,  February  6,  1890.) 

Boston.   1890. 
Note  on  the  value  of  saliferous  deposits  as  evidence  of  former  climatal 

conditions.     Proc.  Bost.  Soc.  A'af.  Hist.,  vol.  24,  1890.  pp.  580-585. 
Tertiary  and  Cretaceous  deposits  of  eastern  Massachusetts.    Bull.  Geol. 

Soc.  Am.,  vol.  1,  1890,  pp.  443-452.     Abstract,  American  Geologist. 

vol.  5,  p.  118;  American  Naturalist,  vol.  24,  p.  210;  Science,  vol.  15, 

p.   10.     All  1890. 
The  nature  of  the  negro.     The  Arena,  1800,  pp.  23-35. 
The  economic  future  of  the  new  south.     The  Arena,  August,  1890,  pp. 

257-268. 
1801.    Reiiort  of  the  Massachusetts  Toix)graphical  Survey  Commission.     Janu- 
ary. 1891. 
Atlas   of   Massachusetts.      (N.    S.    Shaler,    F.    A.    Walker,    and    H.    L. 

Whiting.)     Fifty-flve  sheets.     Januarj-,  1891. 
The  antiquity  of  the  last  Glacial  period.    Proc.  Bost.  Soc.  Nat.  Hist., 

vol.  25.  1891,  pp.  258-267. 
The  history  of  our  continent.    290  pages.    Boston,  1891. 
Nature  and  man  in  America.    New  York,  1891.    The  same.    New  York, 

1899. 
Individualism  in  education.     Atlantic  Monthly,  vol.  67. 

Lit — Bill.  Geol.  Soc.  Am.,  Vol.  18,  1006 
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College  examiu-!' .ous.    Atlantic  Monthly,  July.  1891. 
1802.    The  origin  and  u  tnre  of  poUs.     U.  S.  Geo!.  Surrey.  12th  Report  pt  1, 

1892.  pp.  219-:wr..  AlMstraet,  American  Journal  of  Science,  ?A 
series,  vol.  45.  18!«.  ;)p.  1G»-Ift4:  American  CleologiMt.  vol.  14.  18I^4, 
pp.   114-110. 

The  depths  of  the  sea.    Scribner's  Magazine,  vol.  12,  1802,  pp.  77-05. 

The  story  of  our  continent :  A  reader  in  the  geography  and  geology  of 
North  America.     Boston,  1892.    The  same.     Boston.  1897. 

The  border  state  men  of  the  civil  war.  Atlantic  Monthly,  1802,  GO  pi*. 
245-257. 

[Remarks  on  the  life  of  Samuel  Dexter.]  Proc.  Bost.  8oc.  Xat,  Hi^t.. 
vol.  25.  1892,  pp.  365-366. 

The  betterment  of  our  highways.  [Boston,  1892],  8*.  pp.  (12).  Atlan- 
tic Monthly,  October,  1892. 

1893.  The  interpretation  of  nature.     (Contains,  with  slight  modification,  the 

•course  of  lectures  on  the  Wlnkley  foundation,  delivered  before  tbe 
students    of   Andover   Theological  •  Seminary    In    1891.      Prefaced 
Boston,  Massachusetts.  1893. 
The  geological  history  of  harbors.    17.  S.  Geol.  Survey,  13th  Report,  pt  2. 

1893,  pp.  99-209,  pis.  xxll-xlv,  figs.  7-15. 

High  buildings  and  earthquakes,    yorth  American  Revieur,  vol.  156.  ISXX. 

pp.  338-345. 
Man  and  the  Glacial  period.    American  Oeologist,  vol.  11,  1893,  pp.  ISi^ 

184. 
The  conditions  of  erosion  beneath  deep  glaciers,  based  upon  a  study  of 

the  bowlder  train  from  Iron  hill,  Cumberland,  Rhode  Island.    Bull 

Mus.  Comp.  Zool.,  vol.  16.  no.  11,  pp.  185-225,  plates  l-iv.  and  map. 

Abstracts,  American  Geologist,  vol.  12,  1893,  pp.  191-192;  American 

Naturalist,  vol.  27.  1893,  p.  662. 
With  G.  S.  Perkins  and  W.  E.  McClintock.    Report  of  the  Commission 

to  Improve  the  Highways  of  the  dlommonwealth  of  Massachusetts. 

Boston,  1893,  pp.  238. 

1894.  Pleistocene  distortions  of  the  Atlantic  seacoast    Bull,  Geol,  Soc,  Am,, 

vol.  5,  1894,  pp.  199-202. 

Relation  of  mountain  growth  to  formation  of  continents.  Bull.  Geol 
Soc.  Am.,  vol.  5,  1894,  pp.  203-206. 

Phenomena  of  beach  and  dune  sands.  Bull,  Geol,  Soc.  Am.,  vol.  5,  181U, 
pp.  207-212. 

Discussion  on  facetted  pebbles.    Bull.  Geol.  Soc.  Am.,  vol.  5,  p.  608. 

Rei)ort  of  the  Commission  of  the  Toi)ographlcal  Sun'ey  of  the  Conmion- 
wealth  of  Massachusetts  for  the  year  1893  to  his  Excellency  Frede- 
ric T.  Greenhalge.  House,  no.  74,  pp.  3-30.  (N.  S.  Shaler,  H.  L. 
Whiting,  and  D.  Fitzgerald.) 

Sea  and  land:  Features  of  coast  and  oceans  with  special  reference  to 
the  life  of  man.     New  York,  1894. 

Editor  geological  terms  In  Standard  dictionary  of  the  E2ngllsh  language. 
(N.  S.  Shaler  and  W.  B.  Dwlght)    Vol.  1,  New  York.  1894. 

The  United  States  of  America :  A  study  of  the  American  commonwealth. 
Its  natural  resources,  people.  Industries,  manufactures,  commem 
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and  its  work  In  literature,  science,  education  and  self-government. 

New  York,  1804.    2  volumes,     (Editor.) 
On  the  distribution  of  earthquakes  in  the  United  States  since  the  close 

of  the  Glacial  period.    Proc.  Bo%t,  8oc.  ^'at.  Hist.,  vol.  26,  1894,  pp. 

246-256.    Abstract,  American  Geologist,  vol.  14,  1894,  pp.  396-397. 
1895.   Beaches  and  tidal  marshes  of  the  Atlantic  coast.    Nat.  Geol.  Soc.  Mon., 

vol.  1,  no.  5,  1895,  pp.  137-168. 
Dislocations  of  the  Cretaceous  and  Tertiary  rocks  of  Marthas  Vineyard, 

-  Massachusetts.    Bull.  Oeol.  Soc.  Am.,  vol.  6,  1895,  p.  7. 
Origin,  distribution,   and  commercial  values  of  peat  deposits.     U.   S. 

Geol.  Survey,  16th  Annual  Report,  pt  4,  1895,  pp.  305-314. 
Editor  geological  terms  in  the  Standard  dictionary  of  the  English  lan- 
guage.    New  York,  vol.  2,  1895.     (N.  S.  Shaler,  W.  B.  Dwight,  and 

J.  B.  Woodworth.) 
Sea  and  land;  Features  of  coasts  and  oceans,  with  special  reference  to 

the  life  of  man.    New  York,  Charles  Scribner's  Sons,  1895. 
Evidences  as  to  change  of  sealevel.    Bull.  Oeol.  Soc.  Am.,  vol.  6,  1895, 

pp.  141-166. 
Certain  features  in  the  jointing  and  veining  of  the  Lower   Silurian 

limestones  near  Cumberland  gap,  Tennessee.    Title  in  Bull.  Oeol. 

Soc.  Am.,  vol.  6,  1895,  p.  443. 
Conditions  and  effects  of  the  expulsion  of  gases  from  the  earth.    Title 

Bull.  Oeol.  Soc.  Am.,  vol.  7,  p.  1.1.    Proc.  Boat.  Soc.  Nat.  Hist.,  vol. 

27,  1896,  pp.  89-106. 
The  share  of  volcanic  dust  and  pumice  in  marine  deposits.    Bull.  Oeol. 

Soc.  Am.,  vol.  7  (abstract),  1895-1896,  pp.  490-492. 
Second  annual  report  of  the  Massachusetts  Highway  Commission.    (N.  S. 

Shaler,  G.  H.  Perkins,  and  W.  C.  McClIntock. )     Public  document  no. 

54,  January,  1895,  pp.  '68. 
Some  causes  of  the  imi)er  feet  Ion  of  the  geologic  record.    Science,  vol.  2, 

1895,  pp.  858-850. 
The  geology  of  the  road-buIldlng  stones  of  Massachusetts,  with  some 

consideration  of  similar  materials  from  other  parts  of  the  United 

States.     U.  S.  Geol.  Survey.,  16th  Annual  Report,  part  2,  1895,  pp. 

277-341,  pis.  xvili-xxiv. 
Preliminary  report  on  the  geology  of  the  common  roads  of  the  United 

States.    U.  S.  Geol.  Survey,  15th  Annual  Report,  1895,  pp.  259-306. 
Domesticated  animals;  their  relation  to  man  and  to  his  advancement  in 

civilization.     New  York,  1895,  8^ 
1896.    Third  annual  report  of  the  Massachusetts  Highway  Commission  (N.  S. 

Shaler,  G.  A.  Perkins,  and  W.  E.  McClIntock).    Public  document  no. 

54,  Boston,  January,  1896,  pp.  126. 
The  economic  aspects  of  soil  erosion.     National  Geographic  Magazine, 

vol.  7,  1896,  pp.  328-338,  368-377. 
The  glacial  brick  clays  of  Rhode  Island  and  southeastern  Massachusetts. 

U.  S.  Geol.  Survey,  17th  Report,  1896,  pp.  957-1004,  plates  Ixi-lxil, 

flgs.  34-43.     (With  J.  B.  Woodworth  and  C.  F.  Marbut.) 
Discussion  regarding  low  temperature  Gradients  in  Mines.     Abstract, 

American  Geologist,  vol.  17,  1896,  p.  100. 
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Discussion  on  the  carriage  of   bowlders  by   the   Indians.     Abstract 

American  Geologist,  1896,  p.  104. 
American  highways;  a  popular  account  of  their  conditions  and  of  the 

means  by  which  they  may  be  bettered.    New  York. 

1897.  Water  supply  of  eastern  Massachusetts.     Abstract,  Science,  N.  S.,  vol. 

5,  1897,  p.  703. 
Fourth  annual  rei)ort  Massachusetts  Highway  Commission  (N.  S.  Shaler. 

T.  C.  Mendenhall.  and  W.  E.  McCllntock). 
Nansen's  heroic  journey.    Atlantic  Monthly,  May,  1897,  vol.  79.  pp.  610- 

617. 

1898.  Geology  of  the  Cape  Cod  district  (Massachusetts).  U.  S.  Geol.  Survey. 

18th  Annual  Report,  pt.  2.   1898,  pp.  505-593,  pis.  xcvii-civ.  figs. 
86-92. 
Outlines  of  the  earth's  history:  A  popular  study  in  physiography.    D. 
Appleton  &  Co.,  New  York,  1898.     (8**  and  12 mo.) 

1899.  Loess  deposits  of  Montana.    Bull.  Geol.  8oc.  Am,,  vol.   10,   1899,  pp. 

245-252. 
Formation  of  dikes  and  veins.    Bull,  Geol.  Soc.  Am.,  vol.  10,  1899.  pp. 

253-262. 
Spacing  of  rivers  with  reference  to  hypothesis  of  base-leveling.    Bull. 

Geol.  Soc.  Am.,  vol.  10,  1899,  pp.  202-276. 
Geology  of  Narragansett  basin.     (N.  S.  Shaler,  J.  B.  Wood  worth,  and 

A.  F.  Foerste.)     U.  S.  Geol.  Surv.  Mon.,  vol.  33,  1899,  402  pp.,  31 

pis.,  30  figs. 
Geology  of  the  Richmond  basin,  Virginia.     (N.   S.   Shaler  and  J.   R 

Woodworth.)     Nineteenth  Annual  Report  U.  S.  Geol.  Survey,  pt  2. 

1809,  pp.  385-520,  pis.  xvlll-lli.  figs.  90-116. 

1900.  Influence  of  the  sim  upon  the  formation  of  the  earth's  surface.     Int 

Mon.,  vol.  1,  1900,  pp.  41-82. 
The  Individual ;  a  study  of  life  and  death.    New  York,  1900,  8*. 
The  negro  since  the  civil  war.    Popular  Science  Monthly,  57,  1900.  pp. 

29^9. 
The   future   of   the   negro   In   the    southern   states.    Popular   Scienrc 

Monthly,  57,  1900,  pp.  347-156. 

1901.  Broad  valleys  of  the  Cordilleras.    Bull,  Geol,  Soc,  Am,,  vol.  12,  li^n. 

pp.   271-300. 
The  Niagara  Book.     (W.  D.  Howells,  Mark  Twain,  and  N.  S.  Shaler.  > 
New  and  revised  edition.  New  York,  1901. 

1902.  Reports  of  Profes.«ior   N.    S.    Shaler  on  the  marshes  and  swamps  of 

northern  Long  Island,  between  Port  Washington  and  Cold  Spring 
Harbor.  North  Shore  Imp.  Association  reports  on  plans  for  the 
extermination  of  mosquitoes  on  the  north  shore  of  Long  Island,  etc. 
New  York,  1902. 

1903.  A  comparison  of  the  features  of  the  earth  and  the  moon.     Smithsonian 

Contributions,  no.  14.38.  1903,  vol.  34,  79  pp.,  25  pi. 
General    description    of    the    moon.     Smithsonian    Institution    Annual 

Report,  11K)3.  pp.  103-113.     1904. 
Elizabeth  of  England :  a  dramatic  romance.    Boston  and  New  York. 

1904.  The  citizen :  A  study  of  the  Individual  and  the  government    New  York. 

1904. 
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The  neighbor ;  the  natural  history  of  homan  contacts.    Boston  and  New 
York. 
1905.   Man  and  the  earth.    New  York,  1905. 

After  the  memorials  had  been  read  the  report  of  the  Photograph  Com- 
mittee was  deferred  and  the  Secretary  made  sundry  announcements 
regarding  registration,  luncheon,  and^division  into  sections  for  the  read- 
ing of  papers,  on  account  of  the  long  program.  He  stated  that  when  the 
Society  adjourned,  adjournment  would  be  to  9.30  o'clock  Friday  morning, 
at  the  American  Museum  of  Natural  History. 

F.  J.  H.  Merrill  announced  that  the  annual  dinner  of  the  Society 
would  be  held  Friday,  December  28,  at  7.00  o'clock  p  m,  at  the  "Arena" 
restaurant,  29  and  31  West  Thirty-first  street. 

The  Auditing  Committee  having  raised  the  question  as  to  the  custody 
of  the  bonds  belonging  to  the  Society,  the  Acting  President  ruled,  in  the 
absence  of  Treasurer-elect  Clark,  that  the  securities  were  in  the  care  of 
the  Treasurer. 

The  Acting  President  then  called  for  the  reading  of  scientific  papers. 
The  first  two  papers  on  the  printed  program  were  read  by  title.  They 
were 

CUTTING  OF  THE  MISSISSIPPI  AND  MISSOURI  RIVER  GORGES 

BY   N.    M.   FENNEMAN 

LATERAL  EROSION  ON  SOME  MICHIGAN  RIVERS 
BY  MABK   8.   W.  JEFFEB80N 

This  paper  is  printed  as  pages  333-350  of  this  volume. 

GRADED  SURFACES 
BY   F.   P.   OUIXIVXB 

[Abstract] 

This  paper  called  attention  to  the  need  felt  by  the  writer  and  others 
for  a  general  term  to  use  in  physiographic  descriptions  for  every  "nearly 
level  surface  produced  in  the  past  or  being  now  formed  by  some  process 
of  aggradation  or  degradation." 

The  writer  showed  that  in  a  recent  study  of  the  complicated  land  forms 
of  central  Pennsylvania,  as  seen  on  a  horseback  trip  with  a  pupil,  no 
general  t€rm  could  be  found  to  use  for  any  given  observed  form  without 
implying  some  hypothesis  in  regard  to  the  origin  of  said  land  form.  For 
purposes  of  reconnaissance  study,  there  is  a  great  need  of  some  such 
general  form  term  that  will  imply  no  genetic  hypothesis  in  regard  to  its 
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formation.  Then  later,  when  the  origin  of  the  graded  surface  is  deter- 
mined, the  appropriate  genetic  term  may  be  applied. 

The  following  terms  were  discussed,  with  references  showing  their  nfes 
by  various  writers :  Terrace,  grade,  slope,  bench,  grade-level,  grade-plain, 
peneplain,  base-level,  and  bevel. 

The  conclusion  was  reached  that  some  compromise  must  be  made  by 
physiographic  writers  in  order  to  secure  uniformitj'  of  usage.  The  choii^ 
would  seem  to  lie  between  terrace,  grade-level,  grade-plain,  and  bevel. 
If  one  of  these  terms  could  be  agreed  upon  by  physiographic  writers  to 
use  as  a  general  form  term,  to  imply  no  genetic  hypothesis,  greater  clear- 
ness would  result. 

The  next  paper  was  read  by  title : 

THE  XBW  MADRID  EARTHQUAKE 
BY  M.  L,   Fl'LI.£B  AND  E.   M.  SHEPARD 

The  following  paper  was  then  read : 

PHYSIOGRAPHY  OF  THE  LOWER  HUDSON  VALLEY 

BY    J.    F.    KEMP 

The  paper  was  discussed  by  Bailey  Willis,  W.  M.  Davis,  and  the 
author. 

The  next  paper  was 

RELATIONS  OF  PHYSIOGRAPHY  TO  STRUCTURE  AT  MANHATTAN  ISLAND  ASD 

VICINITY 

BY  ALEXIS  A.  JULIEN 

Tlie  discussion  was  participated  in  by  W.  H.  Hobbs,  W.  M.  Davis,  and 
the  author. 

The  Society  adjourned  to  Friday,  as  announced. 

Xo  session  of  the  Society  was  held  Thursday  evening,  out  of  deference 
to  the  American  Association  for  the  Advancement  of  Science,  the  retiring 
Pn^sident  of  which,  Professor  C.  M.  Woodward,  delivered  the  annual 
address  at  ei^ht  o'clock.  This  address  was  followed  by  a  reception 
tendered  by  ('olumbia  University  to  all  the  \iinting  scientists.  The 
reception  was  followed  by  an  informal  smoker  at  the  Faculty  Club  on  the 
Columbia  campus. 
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Session  of  Friday,  December  28 

The  Society  met  at  9.45  o^clock  a  m^  in  the  west  assembly  hall  of  the 
American  Museum  of  Natural  History,  Acting  President  Davis  in  the 
chair. 

Announcements  were  made  by  the  chair,  by  E.  0.  Hovey  for  the  local 
committee,  and  by  F.  J.  H.  Merrill  for  the  dinner  committee. 

The  report  of  the  Council  was  taken  up  and  adopted  without  altera- 
tion. 

The  report  of  the  Photograph  Committee  was  read,  as  follows : 

SEVENTEENTH  ANNUAL  REPORT  OF  THE  COMMITTEE  ON  PHOTOGRAPHB 

During  the  year  1906  there  has  been  but  little  change  in  the  collection 
of  photographs  belonging  to  the  Society.  No  new  views  have  been  ob- 
tained, but,*  through  the  kindness  of  the  Director  of  the  Geological 
Survey,  about  60  old  prints  have  been  replaced  by  new  ones,  which  are 
printed  in  a  superior  manner  and  mounted  on  muslin.  By  this  means 
the  bulk  of  the  collection  has  been  considerably  diminished. 

The  photographs  are  now  stored  in  glass  cases  in  my  office,  in  the 
building  of  the  Geological  Survey,  at  Washington  convenient  for  refer- 
ence. Several  members  of  the  Society  have  obtained  prints  for  use  in 
reports  and  text-books  and  it  is  believed  that  there  ought  to  be  a  very 
much  wider  use  of  the  photographs  for  this  purpose.  It  is  expected  that 
during  the  coming  year  a  large  number  of  new  photographs  will  be  added 
to  the  collection,  selected  from  the  numerous  views  which  have  been 
taken  by  members  of  the  Geological  Survey  during  the  past  few  years. 
Contributions  for  the  collection  are  desired,  but  care  should  be  taken 
that  they  are  views  of  general  interest  and  illustrate  geologic  phenomena 
rather  than  scenery.    A  high  technical  standard  is  also  requested. 

Respectfully  submitted. 

N.  H.  Darton, 

Committee, 

On  motion,  the  report  was  adopted  and  the  usual  appropriation  of  $15 
for  the  use  of  the  committee  was  voted. 

RESOLUTIONS  COyCERNING  RETIRING  SECRETARY  AND  TREASURER 

John  M.  Clarke  then  presented  resolutions  regarding  the  Secretary 
and  the  Treasurer;  which,  on  motion,  were  imanimously  and  most  heart- 
ily-adopted.    The  resolutions  were  as  follows: 

After  sixteen  years  of  service  as   Se(Tetary  of  the  Geological   Society  of 
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America.  Profeftsor  H.  L.  Fairehild  meets  with  os  at  this  session  for  the  last 
time  in  his  official  capacity. 

Ttiese  years  of  his  senrice  tiare  witnessed  the  robust  and  vigorous  growtli  of 
this  Society.  To  his  fidelity,  enthusiasm,  patience,  conservatiam,  and  lofty 
ideals  we  must  ascribe  in  very  lainge  part  tlie  riAle  and  promising  condition 
of  this  Society  today. 

Tile  Fellows  of  the  Geological  Society  of  America  desire  to  enter  on  its 
Iiermanent  records  tliis  expression  of  appreciation  of  such  deroted  service  and 
this  acknowledgment  of  and  gratitude  for  so  willing  a  sacrifice  on  behalf  of 
the  progress  of  geological  science  in  America. 

Since  1891  Doctor  I.  C.  White,  now  retiring  from  office,  has  served  a* 
Treasurer  of  this  Society.  For  these  sixteen  years  he  has  given  to  the  manage- 
ment of  its  finances  the  benefit  of  his  dear,  practical  Judgment  and  his  exx^e- 
rience,  and  he  has  so  carefully  nursed  its  slender  income  that  today  the  trean- 
ury  of  the  Society  presents  a  most  sulistantial  and  very  gratifying  showing. 

The  Fellows  of  the  Societ>'  desire  to  record  an  expression  of  their  appr»»- 
elation  of  this  watchful,  faithful,  and  profitable  service. 

On  motion,  the  Society  voted  that  after  the  reading  of  the  next  two 
papers  there  should  be  a  division  into  two  sections,  in  one  of  which  shouUl 
be  read  the  papers  on  physical  and  structural  topics  and  in  the  other  the 
papers  on  economic,  biographic,  and  glacial  subjects. 

The  first  paper  of  the  day  was 

GEOLOGIC  MAP  OF  NORTH  AMERICA 
BY    BAILEY   WILLIS 

Remarks  were  made  to  the  paper  by  W.  M.  Davis  and  W.  H.  Hobbs. 
The  next  paper  was 

THE  GEOLOGIC  FOLIO 
BY    WILUAM    HEBBEBT    HOBBS 

The  paper  was  discussed  by  C.  D.  Walcott. 
The  following  paper  was  then  read  by  title : 

GEOLOGICAL  MAP   OF  MA88ACHU8ETT8  AND  RHODE  ISLAXD 

BY    B.    K.    EMERSON 

Although  the  paper  was  read  by  title  only,  the  map  was  displaycnl  A 
the  meeting. 

At  this  point  in  the  program  the  Society  separated  into  two  sections. 
The  first  section,  that  including  papers  on  physical  and  structural  gei»l- 
ogv',  remained  in  the  west  assembly  hall  and  listened  first  to  the  paper. 
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CAVE  SANDSTONE  DEPOSITS  OF  THE  SOUTHERN  OZARKS 

BY    A.    H.    PUBDUE 

This  paper  has  been  publifihed  as  pages  251-256  of  this  volume.  The 
paper  was  discussed  by  A.  W.  Grabau,  Bailey  Willis,  H.  C.  Hovey,  W.  M. 
Davis,  M.  L.  Fuller,  T.  C.  Hopkins,  and  the  author. 

Former  President  H.  S.  Williams  was  called  to  the  chair. 

The  next  paper  was 

CURRENT  METHODS   OP   OBSERVING   VOLCANIC  ERUPTIONS 

BY  T.  A.  JAQOAB,  JUNIOB 

Bemarks  were  made  by  H.  F.  Reid  and  Bailey  Willis. 

RESOLUTION  CONCERNING  INVESTIGATION  OP  VOLCANOES 

The  following  resolution  was  then  presented  by  T.  A.  Jaggar,  Jr. : 

Whereas  Canada,  the  United  States,  and  Mexico  possess,  in  the  Cor- 
dilleran  belt,  Alaska,  the  Philippines,  the  Hawaiian  islands,  Porto  Rico, 
the  Windward  islands,  and  the  Canal  zone,  a  wide  field  for  the  investiga- 
tion of  earth  movement  and  active  volcanoes ;  and 

Whereas  geologic  science  needs  permanent  records,  made  in  the  field, 
of  physical  phenomena  accompanying  earthquakes  and  eruptions,  both 
before  and  after  the  event;  and 

Whereas  such  records  have  direct  bearing  on  prediction  and  on  pro- 
tection of  life  and  property ;  therefore  be  it 

Resolved,  That  the  Geological  Society  of  America  strongly  recommends 
to  the  several  governments  and  to  private  enterprise  the  establishment  of 
permanent  volcano  and  earthquake  observatories. 

The  resolution  was  referred  to  the  Council  for  report  the  next  day. 

Acting  President  Davis  resumed  the  chair. 

The  following  paper  was  then  presented : 

EXPERIMENTS  IIuLUSTRATING  EROSION  AND   SEDIMENTATION 

BY  T.  A.  JA60AB,  JB. 

The  last  paper  of  the  morning  session  of  this  section  was 

CHARACTERISTICS  OP  VARIOUS  TYPES  OF  CONGLOMERATES 

BY  O.  B.   MANSFIELD* 


♦  Introduced  by  W.  M.  Davis. 
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This  paper  was  discufised  by  A.  W.  Graban,  J.  Bairell,  W.  G.  Miller, 
C.  W.  Brown,  and  W.  M.  Davis.  The  paper  has  been  published  in  The 
Journal  of  Geology,  volume  xv,  pages  550-555,  September-October,  1907. 

The  second  section  met  in  the  small  assembly  hall,  on  the  third  6oot 
of  the  Museum  building,  and  organized  by  electing  A.  P.  Coleman  chair- 
man and  H.  M.  Ami  secretarv. 

The  first  paper  read  was 

THE  COBALT,  OyTARIO,  SILVER  AREA 
BY  WILLET  O.  MILLER 

The  paper  was  discussed  by  S.  F.  Emmons,  R.  Bell,  E.  R.  Buckley,  and 
the  author. 

The  next  paper  was  read  by  title : 

VJRGIXIA  BARITE  DEPOSITS 
BY   THOMAS   LEOXABD   WATSON 

The  following  paper  was  read : 

OEOLOOT  OF  SASTA  BARBARA  AND  8UMMERLAND  OIL  FIELDS,  OALIFORSIA 

BY    BALPH    ARNOLD 

Remarks  were  made  by  R.  Bell,  G.  C.  Martin,  and  the  author. 
The  next  paper  read  was 

MEMORIAL  OF  A.  R.   C.  BBLWTN 
BY   H.    M.    AMI 

[Abstract] 

Selwyu  was  a  geologist  who  attained  cUstinction  for  his  work  in  Great 
Britain,  Australia,  and  Britisli  America.  In  1S45  he  began  his  researches  iu 
England  and  Wales,  in  1853  was  appointed  director  of  the  Creological  Surrey 
of  Victoria.  Australia,  and  in  18G0  succeeded  Sir  William  E.  Logan  as  director 
of  the  Geological  Survey  of  Canada.  Volcanic  rocks  and  their  relations  to 
the  earlier  sedimentary  formations  formed  the  principal  object  of  his  enei^es 
in  these  three  portions  of  the  Empire,  while  he  did  much  to  emphasize  the 
economic  relations  of  these  rocks  to  pure  geological  investigations.  In  Canada 
Selwyn  wrought  from  December,  1869,  to  January,  1895,  a  period  of  twenty -fiv»» 
years.  He  traversed  the  continent  before  the  transcontinental  lines  of  rail* 
wnva  were  built,  and  directed  the  efforts  of  his  staff  to  many  of  the  portions  of 

whose  resources  to-day  prove  of  such  remarkable  value.     He  receiveil 

stinctions  at  home  and  abroad. 
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Both  sections  adjourned  for  luncheon  together,  at  the  Manhattan 
Square  hotel,  and  reconvened  as  a  body  at  2.30  o'clock  p  m. 

Acting  President  Davis  occupied  the  chair  and  gave  the  floor  to  W.  G. 
Tight,  who  presented  to  the  Society  a  most  cordial  invitation  to  hold  its 
next  meeting  at  Albuquerque,  New  Mexico.  Two  other  equally  cordial 
invitations  were  before  the  Council,  but  the  Society  by  a  large  majority 
expressed  its  approval  of  holding  such  a  western  meeting  and  recom- 
mended the  invitation  to  the  Council  for  favorable  consideration. 

The  Acting  President  then  read  the  posthumous  presidential  address 
of  Professor  Israel  C.  Bussell.     This  address  is  entitled 

COyCBNTRATION  A8  A   GBOLOOICAL  PRINCIPLE 

and  has  been  printed  as  pages  1-28  of  this  volume. 

The  Society  then  divided  into  two  sections,  as  before,  and  proceeded 
with  the  reading  of  papers. 

In  the  Physical  and  Structural  section,  under  the  chairmanship  of  the 
Acting  President,  the  first  paper  read  was 

DOME  STRICTURE  IN  CONGLOMERATE 
BY   RALPH    ABNOLD 

[Abstract] 

In  Eagle  Rock  valley,  near  Pasadena,  California,  are  several  dome-shaped 
structures,  developed  in  lower  Miocene  conglomerate,  of  water-worn  plutonic 
rocks.  The  largest  dome  is  Eagle  rock,  about  80  feet  high.  This,  in  a 
general  way,  resembles  the  granite  domes  of  the  Sierras,  but  is  much  smaller. 
Scales,  or  plates,  of  the  rock  from  a  fraction  of  an  inch  to  as  much  as  8  feet 
in  thickness  cover  much  of  the  sloping  dome  surface,  while  large  quantities  of 
broken  scales  from  detrital  heaps  at  the  base  of  the  rock.  Not  far  distant 
from  Eagle  rock  are  other  examples  of  the  dome  surface.  In  all  cases  the 
scales  are  not  found  on  slopes  of  less  than  30  or  40  degrees  nor  on  the  exposed 
Kouthem  faces  or  other  portions  of  the  rocks  which  are  kept  practically  dry. 
The  cracks  under  the  scales  always  penetrate  upward  approximately  parallel 
to  the  outer  surface.  The  incipient  cracks  are  closely  followed  by  a  zone  of 
weathering  which  shows  lamination  parallel  to  the  crack.  Iron  and  other 
stains  emanate  from  the  cracks. 

Two  general  theories  have  b^n  advanced  in  explanation  of  such  peculiai 
structure,  all.  heretofore,  however,  based  upon  observations  of  the  develop- 
ment of  domes  in  granite.  According  to  one  theory,  the  separation  of  the 
granite  into  curved  plates  Is  an  original  structure,  antedating  the  sculpture 
of  the  country  and  determining  the  peculiarities  of  form.  According  to  the 
Dther  theory,  the  structure  originated  subsequently  to  the  form,  and  was 
paused  by  some  reaction  from  the  surface.  The  conclusions  reached  by  the 
•vriter  regarding  the  origin  of  the  conglomerate  domes  are  as  follows: 

In  the  first  place,  they  are  locally  hardened  portions  (gigantic  concretions, 
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if  you  please)  of  a  practically  homogeneous  conglomerate.  After  the  ordinarr 
proc*e8s  of  erosion  uncovers  a  sufficient  surface  of  the  indurated  rock,  the  dome 
structures  are  formed  by  a  successive  scaling  off  of  blocks,  through  the  devel- 
opment of  cracks  approximately  parallel  to  the  steeply  sloping  surfaces. 
These  cracks  are  probably  due  to  expansive  force  developed  by  chemical  re- 
actions (weathering)  produced  largely  by  moisture,  the  moisture  passing 
upward  by  capillarity  through  the  incipient  cracks  caused  by  expansion,  and 
thus  advancing  the  process.  The  cracks  originate  in  positions  advantageous^ 
to  the  accumulation  or  retention  of  the  moisture  producing  the  weathering, 
such,  for  instance,  as  that  occupied  by  the  detrital  matorial  at  the  base  of  the 
slope  or  in  the  angle  between  overhanging  blocks  and  the  new  dome  surface. 
The  direction  of  the  cracks  is  determined  by  the  configuration  of  the  rock 
surface,  being  approximately  parallel  to  it,  the  departures  from  strict  paral- 
lelism being  of  such  a  nature  as  to  omit  angles  and  other  features  of  irregu- 
larity. This  parallelism  to  the  surface  is  due  to  the  expansive  force  acting 
along  lines  of  least  resistance,  which  in  this  case  are  practically  normal  to 
the  outer  rock  surface.  The  slope  of  the  surface  is  the  governing  function  in 
the  removal  of  the  scales  because  the  component  of  gravity  tending  to  dislodge 
the  separated  scales  is  greater  on  steep  slopes  than  on  low,  while  the  com- 
I)onent  of  the  same  force  tending  to  counteract  the  expansion  due  to  weather- 
ing is  correspondingly  less  on  steep  slopes,  becoming  greater  as  the  angle  of 
declivity  lessens. 

The  paper  was  published  in  full  in  The  Journal  of  Geology,  volume  iv. 
pages  560-570,  September-October,  1907. 

The  next  two  papers  were  read  without  intermission  and  were  discussed 
together.     They  were 

RELATIONS  BETWEEN  CLIMATE  AND  TERRESTRIAL  DEFOBIT8 

BY  JOSEPH  BABRELL 

[Ahiiract]* 

Contenti 

Pac» 

General  introduction   gl« 

Pirt  I.    Relation  of  sediments  to  regions  of  erosion 61!* 

Part  II.    Relation  of  sediments  to  regions  of  deposition 619 

Part  III.    Relations  of  climate  to  fluviatUe  transportation 62« 

Summary  and  conclusion ^20 

General  iNTBODucnoir 

The  environment  of  the  lands  may  be  classified  into  thi^e  fundamenUi  and 
Independent  factors — the  relations  to  the  surrounding  seas,  the  topography 
which  forms  their  surfaces,  and  the  climates  which  envelop  them — etxh  of 
major  importance  in  controlling  the  character  of  the  lands.  .  .  .  The  thini 
great  problem  of  terrestrial  environment  the  succession  of  ancient  climates^, 
lags  behind  the  other  two  in  development,  but  is  no  less  important  in  a  com- 


►  be  published  In  full  In  Journal  of  Geology,  vol.  rvl,  1008,  beginning  vlth  no.  2. 
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plete  uuderfttanding  of  the  history  of  tbe  earth  and  Its  inhabitants.  This 
l>aelKwardness  is  doubtless  due  to  the  intangible  nature  of  climate  and  the 
lack  of  direct  record  of  its  geologic  changes.  When  it  is  considered,  however, 
how  fundamental  are  the  relations  of  continental  deposits  to  the  climates  in 
which  they  are  formed,  it  is  seen  that  the  record  of  geologic  climates,  while 
indirect  and  to  a  considerable  extent  awaiting  interpretation,  is  nevertheless 
in  existence.  This  is  exclusive  of  the  significance  of  salt  and  gypsum  deposits 
on  the  one  hand  or  of  glacial  deposits  on  the  other,  which  are  of  course 
universally  recognized,  but  thepe  are  the  marks  of  climatic  extremes. 

The  causes  of  climatic  variations  as  distinct  from  the  stratigraphic  record 
of  climates  have  in  recent  years  received  a  large  amount  of  attention,  with  the 
result  that  a  considerable  body  of  knowledge  has  taken  the  place  of  previous 
speculation.  But  what  are  the  geologic  records  of  that  great  variety  of 
climates  which,  excluding  the  desert  belts  of  the  world,  reach  at  present  from 
the  equator  to  the  frigid  zones?  They  may  be  most  favorably  studied  in 
ancient  continental  deposits,  since  these  are  free  from  the  contributory  record 
of  the  sea ;  and,  as  it  is  the  average  climates  which  it  is  sought  to  investigate, 
it  is  especially  in  ancient  fluviatile  deposits  of  continental  nature  rather  than 
in  deposits  of  desert  or  glacial  origin  that  the  record  is  to  be  found.  In  such 
river  deposits  each  stratum  represents  an  old  land  surface,  the  seat  of  abun- 
dant animal  and  vegetable  life,  sealed  and  protected  by  the  laying  down  of  the 
succeeding  strata  instead  of  destroyed  by  erosion,  the  dominant  process  acting 
on  the  land  surface.  In  such  deposits  the  evidence  most  usually  studied  is 
that  from  the  teeth  and  feet  of  animal  fossils,  or  the  nature  of  vegetable 
remains.  But  many  continental  deposits  are  without  fossils  and  many  groups 
of  organisms  show  a  wide  climatic  range;  so  that  It  is  very  desirable  that 
other  features  constantly  present,  such  as  the  chemical,  textural,  and  struc- 
tural characteristics  of  the  strata,  should  be  available  for  the  climatic  inter- 
pretation. The  significance  of  such  features  has  of  course  not  entirely 
esf^aped  attention;  the  presence  of  red  In  shales  or  sandstones  is  sometimes 
cited  as  evidence  of  derivation  from  a  deeply  decayed  and  highly  oxidized 
regolith,  or  the  existence  of  a  conglomerate  whose  i)ebbles  are  of  vein  quartz 
as  evidence  of  the  thorough  decomposition  of  an  ancient  soil ;  but  such  expres- 
sions have  been  made  without  a  preliminary  investigation  Into  all  the  possible 
modes  of  origin,  and  it  will  Ik*  found  that  other  interpretations  nre  also 
possible. 

The  problem,  then,  in  the  present  paper  is  to  separate  tlie  influence  of  tlie 
topographic  from  the  climatic  factors  in  the  making  of  terrestrial  sediments. 
In  seeking  for  data  to  draw  the  lines  more  closely,  it  is  found  that  the  rela- 
tions  of  climate  to  the  nature  of  the  land  waste  and  river  sediments  has 
attracted  the  attention  of  relatively  few  explorers  and  scientists.  Such  excep- 
tions must,  however,  be  noted  as  Blanford  and  Oldham,  Walther,  Hilgnrd, 
Merrill,  Russell,  Davis,  and  Huntington.  These  men,  with  a  few  others,  have 
largely  supplietl  the  data  which  make  the  discussion  possible. 

Tbe  first  part,  dealing  with  the  relations  of  climate  to  erosion,  is  necessarily 
largely  physiographic,  and,  in  the  case  of  material  which  is  carried  long  dis- 
tances by  rivers,  these  relations  are  of  less  final  Influence  than  the  conditions 
under  which  the  sediments  are  deposited  and  those  of  the  preceding  transporta- 
tion.    The  purpose  of  the  whole  paper  Is,  however,  not  pliysiographic,   but 
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Btratigraphlc.  For  this  reason  It  I9  the  relation  of  physiography  to  erosion 
and  consequent  supply  of  sediments  which  Is  dwelt  upon  rather  than  the 
discussion  of  the  land  forms  as  an  end  of  Investigation.  Owing  to  this  some- 
what unusual  use  of  physiography  as  well  as  the  desire  to  make  the  discussion 
more  complete  for  students  In  other  branches  of  geology,  it  Is  necessary  to  go 
over  some  ground  which  is  familiar  to  physiographers.  Even  from  a  phyfsio- 
graphical  standpoint  however,  it  Is  thought  that  a  brief  general  discussion  of 
all  the  climatic  factors  influencing  erosion  is  not  without  its  value,  since  it  is 
found  to  suggest  some  new  points  of  view  upon  several  old  problems.  For 
the  elaboration  of  the  8e<!bnd  and  third  parts,  those  upon  the  relations  of 
climate  to  fluviatile  deposition  and  the  preceding  transportation,  sufficient 
reason  is  found  in  the  existence  of  the  diverse  views  held  by  many  working 
geologists  upon  the  significance  of  various  stratlgraphlc  characters,  and. 
furthermore,  in  the  general  conclusion  of  the  present  paper,  that  climate  Is  a 
factor  comparable  to  disturbances  of  the  crust  or  movements  of  the  shoreline  in 
determining  the  nature  and  the  variations  in  the  stratified  rocks  of  continental 
or  offshore  origin,  thus  playing  a  part  of  large,  though  but  little  appreciated. 
imix)rtance  In  the  making  of  the  stratlgraphlc  record. 

The  Investigation  was  Instituted  to  see  to  what  extent  profound  climatic 
variations,  complicated  doubtless  with  some  tectonic  movements,  could  account 
for  the  great  contrasts  in  the  Lower  and  Upper  Carboniferous  formations  of 
eastern  Pennsylvania — formations  which  had  been  found  by  the  writer  from 
obser^'ations  in  the  field  to  be  continental  In  nature,  and  therefore  their  con- 
trasted features  not  to  be  attributed  to  changes  in  the  relations  of  land  and 
sea. 

An  abstract  of  the  body  of  the  paper  Is  as  follows: 

Pabt  I.  Relation  of  Sediments  to  Regions  of  Ebosion 

Observations  of  the  nature  of  river  sediment  show  that  it  is  only  In  local 
deposits  that  the  character  Is  markedly  due  to  the  kind  of  rocks  undergoing 
erosion,  so  that  in  regions  where  the  sediment  has  no  relation  to  the  adjacent 
formations  but  little  difficulty  will  be  found  In  allowing  for  the  more  or  le^^ 
unknown  lithologlcal  nature  of  the  source. 

The  Interrelations  of  topography  and  climate  to  erosion  are  more  complicated, 
but  It  is  shown  from  present  Instances  that  even  where  land  relief  leads  to 
vigorous  erosion  the  Influence  of  arid  or  humid  climates  Is  able  to  make  itself 
felt  In  the  ratio  of  coarse  to  flne  material  and  the  freshness  or  degree  of 
decomposition  of  the  flne.  In  the  mature  stage  of  the  topographic  cycle  these 
differences  become  accentuated.  The  Influence  of  old  topography  is  of  les^ 
importance,  since  under  such  conditions  fluviatile  continental  deposits  are 
reduced  to  a  minimum.  Between  the  climatic  extremes,  however,  the  results, 
as  are  well  known,  are  still  conspicuous,  leached  clays  being  the  mark  ot 
rniny  and  loess  and  dune  sand  of  arid  climates. 

Under  the  relations  of  temperature  to  erosion,  the  influences  of  vegetation, 
of  frost  action,  of  snow  action,  and  of  insolation  are  dlsaissed.  It  is  noted, 
as  Chnmberlln  and  Salisbury  have  pointed  out,  that  increased  cold  tends  to 
weaken  the  power  which  vegetation  possesses  In  producing  decay  but  prevent- 
ing erosion.     Increased  frost  action  Is  found  to  greatly  increase  the  rate  of 
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diMiutegrution  in  young  or  mature  topography  without  correspondingly  increas- 
ing the  powers  of  waste-removaL  The  Gila  conglomerate  of  Arizona  Is  dis- 
cussed as  an  example  of  a  great  conglomerate  formation  resulting  primarily 
from  a  climatic  change  In  which  the  ratio  of  erosion  to  transportation  had  been 
increased  through  Increased  frost  action  at  times  of  glaclatlon  in  other  regions. 
Increased  anowfall  works  in  an  opposite  direction,  by  protecting  the  surface 
fi-om    disintegration    and   promoting   transportation. 

Under  the  effects  of  climatic  changes  resulting  In  an  increase  of  temperature, 
it  is  looiuted  out  that  in  regions  of  toiwgraphlc  relief  Insolation  is  a  weaker 
force  than  frost  action.  In  all  geologic  times,  lrresi)ectlve  of  climatic  varia- 
tions. It  has  worked  most  strongly  In  the  torrid  and  has  been  practically  absent 
from  the  polar  zones.  In  Intensity  it  must  have  varied  considerably,  owing 
largely  to  geographic  as  well  as  possibly  to  solar  conditions.  In  regions  of 
humid  climate  rock  decay  takes  the  plac*e  of  insolation  and  also  operates  most 
strongb"  In  the  torrid  zone;  but  on  account  of  the  mat  of  vegetation  It  Is  not 
known  if  erosion  is  weaker  or  more  rapid  than  in  a  temperate  climate. 

In  conclusion,  it  is  pointed  out  that  an  examination  of  the  matrix  of  fluvla- 
tile  conglomerates  Is  of  Importance  for  separating  the  climatic  from  the 
toiwgraphlc  conditions  of  origin,  while  the  simultaneous  development  of  con- 
glomerates  within  many  hydrographic  basins,  as  Davis  has  shown,  may  point 
to  a  climatic  as  against  a  tectonic  origin.  Finally  the  relative  rates  of  erosion 
under  various  climates  are  discussed  and  it  is  concluded  that  the  development 
of  plains  of  marine  denudation  dei)ends  largely  on  the  climatic  factor,  taking 
place  most  readily  in  an  arid  climate.  As  a  result  of  the  discussion  of  the  first 
part,  it  is  concluded  that  climatic  variation  Is  a  major  factor,  comparing  with 
^ul)ordlnate  tec'tonic  movements.  In  governing  both  the  kind  and  quantity  of 
the  material  supplied  to  the  rivers. 

Pabt  II.  Relation  of  Sediments  to  Regions  of  Deposition 

In  the  second  part,  the  Influence  of  topography  is  first  considered,  the 
piedmont  slopes  being  notably  better  drained  than  deltas  and  only  covered 
with  carbonaceous  deposits  In  a  cool  and  rainy  climate.  Over  the  delta  there 
is  a  progressive  flattening  of  the  grade  with  the  production  of  swamp  areas, 
to  some  extent  even  in  desert  climates.  A  number  of  factors  Independent 
of  the  climate,  such  as  the  building  of  two  confluent  deltas  or  a  slowly  rising 
water  level,  tend  to  Increase  the  area  of  swamp ;  but  In  desert  climates  there 
Is  a  close  association  of  the  swamp  deposits  with  sharply  contrasted  evap- 
oration and  leolian  products.  Under  all  climates  the  amount  of  swamp  area 
reaches  a  maximum  on  the  seaward  margin  of  the  delta.  Following  this 
prellminar>'  discussion,  the  effects  of  five  kinds  of  climates  are  consid- 
ered: constantly  rainy,  arctic,  Intermittently  rainy,  semiarld,  and  arid.  Each 
Impresses  well  marked  distinctions  ujwn  the  flood-plain  deposits.  The  con- 
stantly rainy  gives  rise  to  carl)onaceous  and  well  leached  days  and  sands, 
besides  beds  of  peat;  the  arctic  climate  differs  in  the  less  leached  clays,  con- 
t^iining  especially  more  potash;  in  intermittently  rainy  climates  the  carbona- 
ceous deposits  of  the  flood-plains  are  local,  the  materials  are  oxidized  during 
seasons  of  dryness,  the  clays  are  slightly  calcareous,  and  fossils  are  apt  to  be 
scanty.    It  is  concluded  that  such  deposits  occur  to  an  unappreciated  extent  in 
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the  geologic  re<x>rd  and  are  apt  to  be  classed  with  marginal  marine  forma tion< 
on  account  of  their  lack  of  definite  characteristics.  In  semi  a  rid  climates  the 
dei)osits  show  not  only  a  higher  oxidation,  but  the  clays  contain  more  iK>tash 
and  are  markedly  calcareous.  As  swamp  deposits  diminish,  mud-cra<*ke<i 
strata  increase  and  may  become  noteworthy.  Under  arid  climates  potasb-l»erir- 
hig  and  calcareous  clays  and  mud-cracked  strata  become  more  prominent: 
ftK)llan  and  esi>eclally  evaporation  deposits  of  gypsum  and  salt  also  occur: 
oxidation  of  the  delta  materials  Is  almost  universal,  with  the  result  that  dark 
or  variegated  shales  are  nearly  absent.  A  discussion  of  the  climatic  signlli- 
cance  of  color  follows,  and  it  Is  concluded  that  red  Is  the  common  color  of  con- 
solidated fluviatile  deposits  which  were  subjected  at  the  time  of  their  accumu- 
lation to  seasons  of  subaerlal  oxidation,  and  that  red  shales  and  sandstone^ 
may  therefore  arise  from  either  the  yellow  or  red  alluvium  of  Intermittently 
rainy,  semi  arid,  or  arid  climates.  In  conclusion  It  Is  pointed  out  that  whili* 
the  varying  i)owers  of  erosion  and  transiK>rtatlon  are  delicate  stratispraphic 
indicators  of  cUmatlc  fluctuatiofn*,  the  chemical  and  organic  control  aci^>!ii- 
I)anying  the  dei)osltlon  are  the  more  secure  Indicators  of  the  average  rlimatir 
conditions. 

Part  III.  Relations  of  Climate  to  fluviatile  Transportatiox 

This  subject  is  considered  last,  since  except  In  connection  with  the  condi- 
tions of  erosion  and  deposition  the  climatic  relations  of  transportation  are  not 
conspicuous.  Laboratory  experiments  and  observations  of  river  action  lead  to 
the  induction  that  one  of  the  reasons  why  rivers  carry  coarse  material  such 
short  distances  is  because  of  the  mechanical  weakness  of  all  but  quartz  and 
quartzite  i)ebbles  and  the  consequent  loading  up  of  the  current  with  finer 
material.  The  sloi)e  of  a  graded  river  Is  In  delicate  adjustment  between  tlje 
amount  of  water  and  the  amount  of  the  load,  and  consequently  every  chans^> 
in  these  factors  throws  It  out  of  equilibrium.  As  a  result,  sometimes  ciittiuj: 
and  sometimes  deiwsiting  Is  In  exc»ess  throughout  the  middle  portion  of  its 
course.  In  the  case  of  long  rivers  flowing  from  regions  In  topographic  youth  or 
maturity,  as  those  flowing  ea.st  from  the  Andes  and  Rockies,  a  very  great  dif- 
ference in  grade  exists,  according  as  the  river  course  lies  In  a  semlarid  or 
rainy  climate.  Tnder  seniiarid  climates  piedmont  slor)es  may  be  built  up  to  a 
thickness  of  a  thousand  feet  or  more,  and  In  a  climatic  variation  to  one  of 
pluvial  nature  this  may  be  rapidly  carried  away,  and,  since  it  consists  lar'.^»ly 
of  sand  and  gravel,  a  great  sand  or  conglomerate  formation  will  l>e  spread  ovt*r 
the  delta  plain.  The  disse<'tion  in  the  early  Pleistocene  or  latest  Tertiary  <»f 
the  high  plains  fronting  the  Rot^ky  mountains  is  cited  as  an  Instance.  On  tlio 
other  hand,  uiwn  a  change  of  climate  from  humid  to  semlarid^  another  sjmtl 
and  conglomerate  formation  will  l>e  laid  down  close  to  the  mountains  a«  a 
I)iedmont  sIojk*.  building  up  the  river  channel  to  a  steeper  grade.  From  this  it 
is  concluded  that  the  region  of  deposit  of  river  gravels  and  Its  shif tings  is  «»f 
great  climatic  significance. 

Summary  and  Conclusion     ' 

Summing  up  the  i)re<'eding  discussion,  it  is  to  be  concluded  that  conglomenttt* 
and  sandstone  forniatitms  intercalated  between  others  of  different  nature  may 
be  due  to  tlin»e  distinct  causes : 
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First.  Marine  conglomerates  and  sandstones,  due  to  marine  planation  and 
transportation,  enabled  to  reach  wide  horlssontal  extent  over  shallow  seas 
through  crustal  movements  shifting  the  zone  of  wave  and  current  action. 

Second.  Tectonic,  conglomerates  and  sandstones,  due  to  subaerial  erosion, 
owing  to  a  steepening  of  the  river  slopes,  either  from  mountain  making,  crustal 
warping,  or  subsidence  of  the  ocean  level. 

Third.  Climatic  conglomerates  and  sandstones,  due  to  climatic  change,  with-  / 
out  necessarily  any  new  and  accompanying  crustal  movement,  producing  a 
shifting  of  the  region  of  accumulation  of  gravel  or  sand  and  a  resulting  con- 
trast in  coarseness,  in  color,  and  in  chemical  composition  with  the  underlying 
and  overlying  formations.  It  is  by  means  of  the  associated  features  that 
climatic  conglomerates  are  to  be  distinguished  from  those  of  tectonic  origin. 
For  these  two  to  be  sharply  separable  in  nature,  the  climate  must  remain  stable 
<!uring  an  epoch  of  crustal  movement  and,  vice  versa,  earth  movements  must 
l>e  supposed  quiescent  during  a  time  of  climatic  change.  As  tectonic  and  cli- 
matic movements  may  be  intermixed,  there  may  often  be  a  dual  cause  of  con- 
glomeratic formations. 

The  establishing  of  a  class  of  climatic  conglomerates  involves  the  conception 
of  the  shifting  location  of  deposits  (in  space)  during  an  epoch  of  crustal  quiet 
as  being  of  the  same  geologic  importance  as  the  varying  pulses  of  erosion 
(through  time)  due  to  tectonic  movements. 

In  conclusion,  it  is  seen  that  by  means  of  conglomerate  or  sandstone  forma- 
tions the  important  changes  are  recorded  in  each  of  the  three  fundamental 
environnjents  of  the  lands,  namely,  the  relations  to  the  surrounding  seas,  the 
topography  which  forms  their  surfaces,  and  the  climates  which  envelop  them. 

ORIGIN  AND  SIGNIFICANCE  OF  THE  MAVCH  CHUNK  SHALE 

BY  JOSEPH  BARBELL 

This  paper  is  printed  as  pages  449-476  of  this  volume. 
The  two  foregoing  papers  were  discussed  by  D.  White,  B.  Willis,  Vu 
Huntington,  A.  W.  Grabau,  W.  M.  Davis,  and  the  author. 

The  next  paper  was 

RIVER   SEDIMENT  AS  A   FACTOR  IN  APPLIED   GEOLOGY 

BY  W  J  MC  GEE 

The  last  paper  of  the  afternoon  in  this  section  was 

ORIGIN  OF  OCEAN  BASINS  IN  THE  LIGHT  OF  THE  NEW  SEISMOLOGY 

BY  WILLIAM    HERBERT   HOBBS 

I 

This  paper  forms  pages  233-250  of  this  volume. 

The  second  section  met  with  George  P.  ^lerrill  in  the  chair  and  H.  M. 
Ami  acting  as  secretary. 

TJII — Bull.  Geol.  Soc.  Am.,  \oh.  IS.  lOon 
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The  first  paper  on  ihe  program  was  read  by  title : 

PERSONAL  REMIM8CEXCE8  OF  SIR  WILLIAM  E.  LOOAX 

CY  BOBEBT  BEL.L 

[Abstract] 

In  his  day  Logan  was  one  of  the  most  prominent  geologists,  not  only  of 
America,  but  of  the  world,  being  well  known  in  Europe.  In  the  present  stren- 
uous times,  new  men  come  rapidly  upon  the  stage,  and  although  this  great 
geologist  has  been  dead  only  about  thirty  years,  his  name  is  not  familiar  to  the 
younger  generation.  While  the  above  mentioned  paper  deals  largely  with 
instructive  personal  incidents  and  amusing  anecdotes,  it  serves  to  illustrate 
the  evolution  of  the  geology  of  eastern  North  America  and  the  growth  of  the 
Geological  Survey  of  Canada. 

Logan  having  pursued  scrupulously  honorable  methods  in  scientific  matters 
as  in  everything  else,  his  example  was  an  inspiration  to  all  who  were  asso- 
ciated with  him.  His  desire  to  give  credit  to  his  assistants  for  their  share  !u 
the  work  secured  for  him  enthusiastic  followers,  among  whom  were  Murray. 
Hunt,  Billings,  and  others.  His  painstaking  methods  and  wonderful  powers 
of  observation  and  reasoning  show,  in  the  light  of  our  present  knowledge,  his 
marvelous  insight  as  to  the  relations  of  the  various  series  of  rocks  to  one  an- 
other, and  his  classification  and  nomenclature  of  sixty -odd  years  ago,  when 
geology  Itself  was  in  its  infancy,  were  adopted  two  years  ago  as  the  best  pos- 
sible, by  the  International  Ck>mmittee  on  the  Lake  Superior  rocks. 

Logan's  life  and  times  are  so  full  of  interest  to  all  geologists  that  it  Is  be- 
lieved this  short  sketch  at  first  hand  by  one  who  was  so  intimately  associateil 
with  him  Is  worth  preserving. 

This  was  followed  by 

A  LOWER  HURONIAN  ICE  AGE 
BY   A.    P.    COLEMAN 

The  discussion  which  followed  was  participated  in  by  W.  G.  Miller, 
R.  D.  Salisbury,  A.  C.  Lane,  R.  Bell,  F.  G.  Clapp,  and  the  author.  The 
paper  has  been  published  in  full  in  the  American  Journal  of  Science, 
volume  xxiii,  1907,  pages  187-192. 

The  next  two  papers  were  read  by  title : 

OLACIATION  OF  MANHATTAN  ISLAND,  NEW  YORK 

BY  ALEXIS  A.  JULIEN 

GLACIAL  EROSION  IN  THE  NORTHFIORD 
BY   MARK    S.   W.   JEFFEBSON 

This  paper  has  been  printed  as  pages  413-426  of  this  volume. 
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The  next  paper  read  was 

RECENT  CHANGES  IN  THE  QLACIERS  OF  GLACIER  BAT,  ALASKA 

BY  F.  E.  AND  C.  W.  WBIOHT 

The  paper  was  discussed  by  W.  Blake  (a  visitor),  H.  F.  Eeid,  F.  P. 
Gulliver,  G.  F.  Wright,  and  F.  E.  Wright. 

The  last  paper  of  the  session  was 

RECENT  CHANGES  IN  THE  MALA8PINA  AND  OTHER  GLACIERS  OF  THE  YAKU- 

TAT  BAY  REGION,  ALASKA 

BY  RALPH  8.  TARB 

Remarks  were  made  by  T.  A.  Jaggar,  Jr.,  H.  F.  Reid,  A.  H.  Brooks, 
and  the  author.    The  paper  forms  pages  257-286  of  this  volume. 

The  evening  was  devoted  to  the  annual  dinner  of  the  Society,  which 
was  the  largest  that  has  been  held,  138  Fellows  and  guests  participating. 
W.  M.  Davis  presided. 


Session  of  Saturday,  December  29 

The  Society  met  in  general  session  at  9.45  o'clock  a  m,  with  Acting 
President  Davis  in  the  chair. 

REPORT  OF  THE  AUDITING  COMMITTEE 

The  Auditing  Committee  reported  that  the  accounts  of  the  Treasurer 
had  been  found  correctly  cast  and  properly  vouched. 

On  motion,  the  report  was  accepted  and  ordered  placed  on  file. 

The  Secretary  reported  that  the  Council  had  voted  that  the  next  meet- 
ing of  the  Society  be  held  at  Albuquerque,  New  ^Mexico,  December  30, 
1907,  to  January  1,  1908,  and  that  the  resolutions  offered  by  T.  A. 
Jaggar,  Jr.,  had  been  referred  to  a  committee,  consisting  of  T.  A.  Jaggar, 
Jr.,  J.  F.  Kemp,  and  E.  0.  Hovey,  for  consideration  and  report  at  the 
next  annual  meeting  of  the  Society. 

After  some  other  announcements  the  Society  divided  into  two  sections, 
as  before,  and  the  scientific  program  was  taken  up.  The  Physical  and 
Structural  section  remained  in  the  west  assembly  hall,  with  Acting  Presi- 
dent Davis  in  the  chair. 

The  first  paper  read  was 
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H7P0THE8I8  OF  CONTiySNTAL  BTRVCTURM 
BT  BAILKT  WILU8 

Discussion  was  offered  by  C.  Schuehert,  A.  Heilprin,  B.  K.  Emerson, 
F.  E.  Wright,  and  the  author.  The  paper  appears  as  pages  389-412  of 
this  volume. 

The  next  paper  was  read  by  title : 

THE  UMELE88  OCEAN  OF  PRE-CAMBRIAy  TIME 

BY  BEOINALD  A.  DALY 

This  paper  has  been  published  in  full  in  the  American  Journal  of 
Science,  volume  xxiii,  1907,  pages  93-115. 
The  following  paper  was  then  read : 

PERM0-CARB0yiFER0l8  CLIMATIC  CHANGE8  IN  SOUTH  AMERICA 

BY    DAVID    WHITE 

[Abstract] 

The  fossil  plants  collected  by  the  Ck>al  Commission  of  Brazil  not  only  con- 
firm the  existence  of  the  Lower  Gondwnna  flora  in  Brazil,  but  they  offer 
striking  evidence  of  climatic  changes.  At  the  same  time  they  afford  new  data 
relating  to  Permo-Carboniferous  southern  land  connections  and  the  distribn- 
tion  of  Permian  glaciation. 

The  stratigraphy  of  the  Brazilian  coal  measures  is  admirably  worked  out 
by  Dr  I.  C.  White,  late  chief  of  the  commission,  in  his  paper  "Coal  Measures 
and  higher  beds  of  South  Brazil/'  which  he  summarized  at  this  meeting  of  the 
Society.  For  the  descriptive  and  systematic  discussions  of  the  fossil  plants, 
embracing  140  species,  the  reader  is  referred  to  the  official  Brazilian  report.* 

The  fossil  plants  in  the  series  immediately  above  the  basal  conglomerates, 
which  rei;t)se  unconformably  on  the  ancient  eniptives,  comprise  a  typical 
Lower  Gondwana  flora,  including  its  principal  and  characteristic  species  a^ 
well  as  genera.  This  flora  is  so  far  identical  with  that  associated  with  the 
glacial  boulder-bearing  sediments  in  Australia  and  overlying  the  glaciated 
conglomerates  in  India  and  South  Africa  as  to  leave  no  room  for  doubt  as  to 
the  contemporaneous  existence  of  a  similar  cold  climate  in  South  America. 
The  consequent  inference  as  to  glaciation  in  that  continent  is  lithologically 
I)roven  according  to  Doctor  White,  who  confirms  the  observations  and  tenta- 
tive views  offered  In  1889  by  Derby. 

The  beds  130  meters  above  the  base  of  the  Tubarilo  series  show  numerous^ 
megaspores  apparently  of  SiglUarian  origin.  The  evidence  of  the  return  of 
representatives  of  the  northern  or  cosmopolitan  flora  is  more  abundant  in  the 
region  of  175  meters  al>ove  the  base,  where  we  find  SigUlaria  hrardii*  S. 

•  Commissao  dos  Estudos  das  Minaa  de  Carvao  de  Pedro  do  BrasU.  Rio  de  JantAro, 
1907. 
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australis,  Lepidodendron  pedroanum,^  and  Lepidophloios  laricinu9  again  as- 
suming the  riMe  of  coal-malcers.  Mingled  with  them  are  apecles  of  Gangamop- 
teris,  Glossopteris,  and  Phyllotheca,  of  the  Gangamopterls  flora.  It  is  plain, 
therefore,  that  an  amelioration  of  climate  sufRcient  to  permit  the  return  of 
some  of  the  northern  tvpes  had  already  taken  place ;  and  it  is  equally  evident 
that  the  absence  of  these  types  during  the  deposition  of  the  lower  beds  was 
due  to  climatic  inhospitality  rather  than  to  a  marine  or  other  barrier. 

The  paleobotanical  material  from  the  region  of  the  Iraty  black  shale  and 
the  succeeding  beds  of  the  Passa  Dois  series  is  confined  to  fossil  stems.  This 
is  the  zone  of  the  Psaronius  hrasilienais  described  by  Brongniart,  and  of  the 
Lycopodiopsis  derbyi  and  the  Dadoxylon  pedroi  respectively  described  by 
Renault  and  Zeiller,  as  well  as  of  the  8tei'eo8temum  tumidum  Cope  and 
Afesosaurus  brasiliensi8  McGregor.  The  Pasa  Dois  series  has  also  furnished 
another  large  Lycopodialean  tree,  probably  belonging  to  Sigillaria,  and  two 
new  gymnosperms  referred  to  Dadoxylon.  The  presence  of  Psaronius  would 
seem  to  indicate  the  return  of  Pecopterids,  presumably  of  the  Cladophlebold 
group,  to  the  southern  Brazilian  basins.  This  indication  of  further  moderation 
of  the  climate  is  corroborated  by  the  woody  structure  of  the  fossil  trees,  in 
which  there  are  extremely  obscure,  if  any,  traces  of  annual  rings,  the  growth 
of  the  trees  being  apparently  uninterrupted  by  seasonal  changes.  It  is  there- 
fore permissible  to  conclude  that  at  this  time  a  mild  and  equable  climate 
once  more  prevailed,  so  that  the  surviving  elements  of  the  Permian  cosmopoli- 
tan  flora  were  able  freely  to  migrate  and  mingle  with  the  survivors  of  the 
Gangamopterls  flora. 

The  date  of  South  American  glaciatlon,  which  on  the  paleobotanical  evi- 
dence appears  to  have  been  contemporaneous  with  the  Dwyka  in  South  Africa, 
the  Talchir  of  India,  and  possibly  the  later  Newcastle  Ice  in  Australia,  would 
seem  to  be  at  or  extremely  near  the  close  of  the  Carboniferous.  That  the 
severe  cold  was  of  short  duration  is  shown  by  the  early  return  of  some  of 
the  exiled  northern  Permo-Carboniferous  plants.  The  fact  that  the  post- 
glacial moderation  of  the  climate  occurred  some  time  before  the  extinction 
of  Lepidophlolos  and  Lepidodendron  conclusively  shows  that  the  climatic* 
refrigeration  could  not  have  occurred  later  than  the  very  early  Permian.  It 
is  interesting  to  note  that  the  types  first  to  return,  and  therefore  presumably 
the  hardiest,  belong  to  the  I^ycopods. 

The  distribution  in  India,  Australia,  South  Africa,  and  South  America  of  a 
terrestrial  flora  of  varied  elements  like  the  older  Gondwana  flora  necessitates 
a  distribution  of  the  land  masses  in  such  a  way  as  to  permit  land  plant 
•hiigratlon  with  absolute  freedom  between  these  regions.  The  testimony 
of  vertebrates  and  plants  Is  mutually  corroborative  on  this  point  The  author 
inclines  to  recognize  the  Important  agency  of  an  Antarctic  land  mass  or  con- 
tinent, of  which  southern  South  America  or  South  Africa  mny  have  been  mere 
lobes.  In  facilitating  this  free  Intermlgratlon. 

The  abstraction  of  carbon  dioxide  from  air  and  sea  and  the  storage  of  the 
same  In  the  coals,  carbonaceous  shales,  and  limestones  of  the  Upper  Car- 
boniferous has  never  been  equaled  in  any  other  period  of  geological  history. 


•  The  employment  of  capital  Initials  for  names  of  species  directly  derlTed  from  namea 
of  persona  Is  not  permitted  by  the  rules  for  printing  early  adopted  by  this  Society. 
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The  bjpotbe$<i8  of  Arrbeujns  and  Chamberlin  woald  therefore  appear  to  find 
eircnmstantial  support  in  the  occurrence  of  glaciatioo  at  the  time  of  the  pni^- 
Pennsylranian  nplift  If  the  efficiency  of  CO,  as  a  climatic  factor  be  admitted, 
not  only  may  the  occarrence  of  refrigeration  itself  be  explained,  but  perimt«» 
the  singular  geographical  distribution  of  the  ice  action  as  well.  The  laner 
would  appear  to  bare  been  the  result  of  complicated  influences,  very  important 
among  which  would  be  the  great  exaggeration  of  temperature  difference^  at- 
tending differences  in  altitude  in  the  atmospheric  column  were  there  a  def»l*^ 
tion  of  the  CO,  of  that  column.  The  temperature  gradient  would  be  very 
much  steepened  and  the  frost  line  brought  down  nearer  to  sealerel.  To  this 
fact,  which  does  not  appear  to  have  received  due  consideration  at  the  hands 
of  geologists.  In  connection  with  the  probable  great  size  and  considenible 
height  of  the  older  Gondwana  land  masses,  as  sbo\^ni  by  the  great  thicknt««s 
of  coarse  sediments  and  the  great  size  of  the  (continental  basins,  is.  in  tbp 
writer's  opinion,  chiefly  due  the  extension  of  the  Permian  glaciation  within 
the  tropics. 

The  next  paper  was 

COAL  1IEASURE8  AXD  HIGHER  BEDS  OF  SOUTH  BRAZIL 

BY   I.   C.   WHITE 

The  next  paper  was  read  bv  title : 

yORMAL  PRESSURE  FAULTIXG  IX  THE  ALLEGHENY  PLATEAUS 

BV   GEO.    II.    ASHLEY 

The  following  two  papers  were  read  without  intermission : 

COXDITIOXS  OF  CIRCULATIOX  AT  THE  SEA   MILLS  OF  CEPHALOXIA 

BY   M.   L.   FULLER 

This  paper  lias  been  printed  as  pages  221-232  of  this  volume. 
!Mr  Fuller's  paper  was  discussed  by  J.  F.  Kemp  and  TV.  M.  Davi?. 

COXTROLLIXG  FACTORS  OF  ARTESIAN  FLOWS 
BY    MYROX    L.    FULLER 

[Abstract]* 
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Introduction 

It  is  now  more  than  twenty  years  since  the  publication  of  the  admirable 
pajier  by  Professor  T.  C.  Chamberlin  on  the  ^'Requisite  and  qualifying  condi- 
tions of  artesian  wells/*t  during  which  i>eriod  it  has  remained  the  standard 
in  this  country.  It  deals,  however,  almost  entirely  with  the  porous  bedded 
rocks,  such  as  sandstones,  taking  little  account  of  the  drift  or  limestones, 
and  practically  none  at  all  of  the  crystalline  rocks.  Late  investigations, 
especially  in  the  East,  and  the  growing  demand  for  ground  water  for  industrial 
and  public  purposes  or  for  summer  resort  supplies  have  led  to  a  very  ex- 
tensive development  of  wells  in  each  of  the  classes  of  material  mentioned,  and 
have  shown  their  great  economic  as  well  as  scientific  importance,  emphasizing 
the  need  of  a  reexamination  into  the  requisites  of  artesian  flow  and  a  dis- 
cussion of  their  controlling  and  modifying  factors. 

In  view  of  the  number  of  different  ways  in  which  the  term  artesian  has 
been  used  in  the  past,  it  will  not  be  out  of  place  to  state  that  in  the  present 
pai>er  the  term  is  applied  in  the  sense  adopted  by  the  United  States  Geological 
Survey  after  consultation  with  leading  geologists  of  the  country,  namely, 
to  designate  the  hydrostatic  principle  by  which  confined  waters  tend  to  rise 
in  virtue  of  the  pressure  of  the  overlying  water  column,  irrespective  of  whether 
or  not  this  pressure  Is  sufficient  to  lift  the  water  to  the  surface  and  produce 
a  flow.* 

Artesian  flows  may  be  said  to  dei)end  upon  the  nature  of  the  reservoirs, 
the  conditions  of  confinement,  and  the  sources  of  the  water.  An  enumeration 
of   the   factors   are  given   below. 

Underground  Water  Reservoirs 

By  an  underground  water  reservoir  is  meant  the  opening  or  system  of 
openings  within  tlie  rocivs  in  which  the  water  is  contained.  The  more  im- 
portant tj'pes  may  be  summarized  as  follows : 

Types  of  Water  Reservoirs 
I.  Original  forms. 

1.  Original  pores. 
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2.  Lamination  planes. 

3.  Bedding  planes. 

4.  Vesicles  (in  igneous  roclcs  only). 
II.  Secondary  forms. 

1.  Secondary  pores. 

A.  Pores  resulting  from  leaching  and  aolutloii. 

B.  Pores  resulting  from  i*ecrystalllzation. 

2.  Solution  openings. 

A.  Isolated  cavities. 

B.  Tubular  channels. 

C.  Sheet  openings. 

3.  Mechanical  eroded  reservoirs. 

A.  Tubular  channels. 

B.  Pocket  oi>enings. 

C.  Sheet  openings. 

4.  Fracture  openings. 

A.  Irregular  openings. 

a.  Desiccation  cracks. 
6.  Contraction  Assures, 
c.  Tort  ion  fractures. 
(J,  Shearing  breaks. 

e.  Vibration  fractures. 

f.  Explosion  ruptures. 

B.  Joints. 

a.  Vertical  Joints. 
h.  Horizontal  joints. 

c.  Parallel  Joints. 

d.  Intersecting  Joints. 

e.  Joint  breccias. 

C.  Faults. 

a.  Single  fault  planes. 
h.  Parallel  fault  planes. 
(\  Irregular  faults. 
d.  Intersecting  faults. 
c.  Fault  breccias. 

5.  Vein  contacts. 

6.  Igneous  contacts. 

7.  Shearing  planes. 

8.  Cleavage  planes. 

9.  Foliation  and  schistosit>*  planes. 

Most  of  the  forms  enumerated  are  not  limited  to  any  particular  class  of 
rock,  but  may  l)e  found  in  the  stratified,  metamorphic,  and  igneous  trjios. 
The  vesicles  of  igneous  rocks,  however,  have  no  exact  counterpart  in  stratifif*! 
rocks,  although  the  iK)res  containing  included  water  of  sedimentation  approach 
them  in  nature.  Solution  channels  are  likewise  usually,  although  not  neiis- 
sarily,  found  only  in  sedimentary  rocks,  foliation  and  8chiatosit>'  are  mainly 
features  of  igneous  or  metamorphic  rocks,  while  lamination,  as.  the  term  is 
here  used,  is  a  feature  of  stratified  rocks. 
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Sources  of  Undebgbound  Water 

The  probable  source  of  underground  waters  has  been  widely  discussed,  and 
while  every  one  would  doubtless  agree  that  by  far  the  greater  part  is  derived 
from  rainfall,  there  is  a  considerable  variation  of  opinion  as  to  the  relative 
importance  of  the  other  sources,  and  especially  as  to  the  part  played  by  the 
sea  and  aqueous  magmatic  emanations.  The  common  sources  of  undergi-ound 
waters  are  as  follows: 

List  of  Sources  of  Vnderffround  Water 

I.  Atmosphere. 

A.  Direct. 

a.  Precipitation. 
h.  Condensation. 

B.  Indirect. 

a.  Lakes. 
h.  Streams. 
II.  Hydrosphere,  or  ocean. 

A.  Recently  or  contemporaneously  absorbed  waters. 

B.  Originally  included  sea  water. 
III.  Lithosphere.  or  crust. 

A.  Primary  waters. 

Chemically  excluded  waters. 

B.  Secondary  waters. 

Physically  excluded  waters. 
IV.  Centrosphere,  or  interior. 

A.  Directly  excluded  waters. 

B.  Indirectly  excluded  magmatic  waters. 

• 
Confining  Agents 

In  the  discussion  of  the  confining  agents  in  artesian  systems  the  materials 
are  divided  for  convenience  into  bedded  and  Jointed  rocks.  In  the  usual  dis- 
cussion the  impervious  bed  is  ordinarily  the  only  agent  recognized,  but  the 
extensive  fleldwork  which  has  been  conducted  by  a  consideral)le  body  of 
workera  for  the  last  three  years  has  brought  to  light  some  new  agents  and 
emphasized  the  importance  of  other  seldom  mentioned  factors. 

List  of  Confining  Agents 

I.  Bedded  rocks. 

A.  Upper  confining  agents. 

1.  Impervious  beds. 

2.  Stratification. 

3.  Friction. 

4.  Mineral  crusts. 

5.  Frost  zones. 
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6.  Confined  air  and  gas. 

7.  Fresh  water. 
a  Salt  water. 

B.  Lower  confining  agents. 

1.  Inifiervioas  beds. 

2.  Stratification. 
.'{.  Friction. 

4.  Mineral  cruets. 

5.  Frost  zoneH. 

♦i.  Confined  air  and  gns. 

7.  Fresh  water. 

X.  Siilt  water. 

1».  Cementation. 
Vi.  Ileal t. 
11.  Pre^isure. 
II.  Jointed  and  fra<'tnre<l  ro<-kx. 

A.  Upi^er  ctHifining  aj:ent><. 

1.  Inii»erviou»  tinning  wall. 

2.  Iniiier\'ioo»  surfac-e  coverinj^ 

3.  Frost  filliniirs. 

4.  Vein  fillings. 

."i.  Weathering  products. 

0.  Converging  walls. 

7.  Interrupted  joints. 

8.  Sea  water. 

B.  I»wer  cr>n fining  agents. 

1.  Imperrious  footwalls. 

2.  Vein  fillings  and  cementation. 

3.  Converging  walls. 

4.  Intermpte<l  joints. 

5.  Fresh  water. 
0.  Sea  water. 

7.  Heat. 

8.  I'ressure. 

Nature  of  Artesian  Circulatiox 

Artesian  circulation  takes  place  by  virtue  of  the  variations  of  pressure  to 
which  the  water  is  subjecte<l  in  different  parts  of  its  reservoirs.  By  definition 
of  the  artesian  princijile.  all  but  hydrostatic  pressure  is  excluded  as  a  deter- 
mining cause  of  circulation.  There  are.  nevertheless,  a  number  of  modi^in- 
agencies  which  in  cases  exert  a  powerful  influence  on  the  water-head  and 
movements.  The  more  imiwrtant  of  tlie  controlling  factors  may  be  summarized 
as  follows: 

Factors  ix  Artesian  Circulatiox 

Primary  factors. 

G  ra V  i  ty    (1  ly d  ros ta  tic  pressu  re ) . 
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Modifying  factors. 

Factors  affecting  pressure. 
Barometric  variations. 
Temperature  variations. 
Density  of  waters. 

Variations  due  to  temperature. 

Variations  due  to  dissolved  salts. 
Height  of  adjacent  water  levels. 

Water  table. 

Neighboring  water  bodies  and  supply. 

Tides. 

Winds. 
Rock  pressure. 
Factors  affecting  movement. 
Porosity. 

Size  of  grain  openings. 
Temperature. 

Requisites  of  Artesian  Flows 

Having  outlined  the  more  imi)ortant  conditions  bearing  on  the  occurrence 
and  movements  of  underground  waters,  the  controlling  factors  of  artesian 
flow  may  be  considered.  In  doing  this  it  is  necessary  to  point  out  certain 
objections  to  some  of  the  commonly  i)ostulated  requisites. 

Objections  to  Common  Requisites 

CHAMBERLIN'S  BEQUISITE  CONDITIONS   OF  ARTESIAN  FLOWS 

Since  the  appearance  in  1885  of  the  paper  of  T.  C.  Chamberlin  on  the 
"Requisite  and  qualifying  conditions  of  artesian  wells,"  a  single  set  of  requi- 
sites has.  with  few  exceptions,  been  followed  by  writers  of  underground  water 
papers.  These  in  brief  are:  (1)  A  pervious  stratum,  to  permit  the  entrance 
and  the  passage  of  water;  (2)  a  water-tight  bed  below,  to  prevent  the  escape 
of  water  downward;  (3)  a  lilie  impervious  bed  above,  to  prevent  the  escape 
upward,  for  the  water,  being  under  pressure  from  the  fountain  head,  would 
otlierwise  find  relief  in  that  direction;  (4)  an  inclination  of  these  beds,  so 
that  the  edge  at  which  the  waters  enter  will  be  higher  than  the  surface  at 
the  well;  (5)  a  suitable  exposure  of  the  edge  of  the  iwrous  stratum,  so  that 
it  may  take  in  a  sufficient  supply  of  water;  (G)  an  adequate  rainfall,  to  fur- 
nish this  supplj*;  and  (7)  an  absence  of  any  escape  for  the  water  at  a  lower 
level  than  tlie  surface  at  the  well. 

There  is  one  very  serious  objection  to  the  requisites  outlined  above,  namely, 
^hey  apply  only  to  a  single  class  of  flows  from  stratified  rocks,  neglecting  not 
only  flows  from  other  varieties  of  rock,  but  even  other  types  of  flow  from  the 
.same  rocks.  There  are,  moreover,  many  exceptions  to  the  postulated  requisites, 
\*'hich,  taken  In  connection  with  the  limitations  mentioned,  make  new  and  more 
c*ouiprehenslve  definitions  desirable.  Some  of  the  objections  to  the  requisites 
are  mentioned  below. 
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noes  STKATTM 

A  pervious  stratum,  although  a  couudod  form  of  re«enrolr.  in  «eidom  esspo- 
tial  to  artesian  flows.  In  addition  to  the  porous  stratum  postulated  t^  xbt 
first  requisite,  flows  may  be  obtained  from  lamina tion«  bedding  deara^e.  and 
shearini?  planes,  from  solution  passages  and  mechanically  eroded  reserroir«. 
from  vesicular  zones  in  igneous  rocks,  from  irregular,  joint  and  fault  fractures, 
and  from  rein  and  igneous  contacts.  Metamorphic  and  Igneous  as  well  a« 
stratified  rocks  not  only  may,  but  actually  do,  jield  flows  in  a  large  number 
of  instances;  in  many  others  the  water  falls  only  a  few  feet  short  of  the 
surface,  while  in  practically  all  the  wells  the  waters  rise  materially  wtken 
encountered — ^that  is,  are  truly  artesian. 

With  the  exception  of  the  vesicular  lavas,  the  sources  of  water  mentioned 
are  not  in  the  nature  of  beds,  but  are  In  the  form  of  actual  openings — a  type 
of  passage  not  recognized  among  the  older  requisites. 

iifpsanors  bed  below 

From  the  nature  of  the  passages  enumerated  above  and  given  In  more  detail 
in  the  list  on  |>age  628  it  is  apparent  that  the  second  requisite — the  impervjons 
underlying  stratum — loses  much  of  its  force.  Such  impervious  beds  are  an 
adjunct  to  many  flows  in  stratified  rocks,  but  numerous  other  agents  may 
serve  the  same  purpose.  In  bedded  rocks  the  following  may  be  mentioned: 
Stratification,  friction,  mineral  crusts,  frost  zones,  confined  air  and  gas.  fre^tb 
or  salt  water,  cementation,  heat  and  pressure.  In  jointed  and  fractured  rock< 
impervious  footwalls.  vein  fillings,  converging  walls,  interrupted  joints.  fre<h 
and  salt  water,  heat  and  pressure,  are  the  most  important. 

IMPEBTIOUS   BED  ABOVE 

The  objections  to  the  postulation  of  an  npfier  impervious  bed  are  similar  to 
those  of  the  lower  confining  bed  just  enumerated.  In  the  case  of  the  bedded 
rocks  the  following,  in  addition  to  the  postulated  impervious  stratum,  may 
serve  as  confining  agents:  Stratification,  friction,  mineral  crusts,  frost  zones, 
confined  air  and  gas,  fresh  water  xind  sea  water.  In  the  case  of  jointed  and 
fractured  rocks  the  more  common  additional  agents  are  imperviou^t  hangin:: 
wall.  Impervious  surface  coverings,  frost  and  vein  fillings,  weathering  products. 
converging  walls.  Interrupted  joints,  and  sea  water. 

IXCLI NATION   OF   BEDS 

Inclination  of  the  water-l>earlng  bed,  while  a  common  factor  In  artesian 
flow,  is  by  no  means  essential.  Water  appears  to  penetrate  in  many  cases  into 
lenses  of  sandstone  in  rocks  like  those  of  the  Carboniferous  of  Pennsylvania 
through  joints  and  similar  openings,  and  flows  are  obtained  independent  of  any 
inclination  of  the  bed  affording  the  water.  The  same  is  true  in  the  case  of  th«* 
horizontal  beds  yielding  flows  by  virtue  of  the  opposition  of  the  strati  flea  tion 
planes.  Joint  and  solution  passages  also  afford  artesian  flows  Independent  of 
any  Inclination  at  the  point  penetrated. 

In  both  bedded  and  crystalline  rocks  the  pressure  must,  of  course,  be  trans- 
mitted from  connecting  passages  or  other  water  reservoirs  at  higher  levels,  but 
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the  supply  itself  does  not  necessarily  come  from  a  bigber  level,  since  besides 
the  downward  moving  meteoric  water  supplies  may  be  furnished  by  the  sea, 
by  waters  chemically  or  physically  excluded  from  the  crust,  or  by  direct  or 
magmatic  exclusion  from  the  centrosphere. 

OUTCBOP  OF  POROUS   STRATUM 

The  postulated  suitable  exposure  of  the  edge  of  the  porous  stratum  so  that 
it  may  take  in  a  sufficient  supply  of  water,  though  a  common,  is  far  from  an 
essential  factor  of  artesian  flows.  Some  of  the  horizontal  sandy  beds  from 
which  the  flows  are  obtained  in  Long  island  and  Michigan  never  outcrop,  the 
water  penetrating  directly  downwai'd  through  the  overlying  layers.  Moreover, 
throughout  extensive  areas  of  the  Silurian,  Devonian,  and  Carboniferous  rocks 
in  Pennsylvania,  West  Virginia,  and  Ohio,  in  the  areas  underlain  by  Cretaceous 
beds  in  the  Fort  Monroe  district  of  Virginia,  and  the  Wilmington  region  of 
North  Carolii^a,  and  in  many  lesser  areas  elsewhere,  the  deep  artesian  waters 
represent  originally  included  sea  waters  and  not  waters  entering  through  the 
outcrop.  Other  sources,  including  waters  chemically  or  physically  excluded 
from  the  crust,  or  by  direct  or  magmatic  exclusion  from  the  centrosphere,  may 
furnish  artesian  supplies  independent  of  the  condition  of  outcrop. 

ADEQUATE  RAINFALL 

From  the  fact  that  water  may  be,  and  in  tlie  case  of  the  salt  waters  of  the 
Carboniferous  and  Coastal  Plain  rocks  Just  described,  as  well  as  in  the  case  of 
magmatic  waters  actually  is,  derived  over  extensive  areas  from  sources  other 
than  rainfall,  it  is  clear  that  the  latter  should  not  be  included  as  an  absolute 
requisite. 

POINTS   OP  ESCAPE 

There  are  very  few  artesian  systems  in  which  there  is  not  more  or  less 
leakage.  In  the  thicker  and  more  persistent  beds  the  leakage  is  often  sufficient 
to  insure  circulation  for  long  distances  from  the  outcrop.  Thus,  in  the  Cre- 
taceous beds  beneath  Charleston,  South  Carolina,  and  Savannah,  Georgia,  fresh 
water  has  replaced  the  salt  at  least  as  far  as  the  seacoast.  or  a  distance  of 
over  100  miles  from  their  outcrop.  At  Fort  Monroe.  Virginia,  and  Wilmington, 
North  Carolina,  on  the  other  hand,  there  appears  to  be  but  little  leakage  and 
the  fresh  water  circulation  reaches  to  a  much  less  distance,  only  salt  water 
being  obtained  at  the  localities  mentioned.  The  absence  of  leakage  appears  to 
have  determined  the  presence  of  salt  waters  In  the  oil-bearing  rocks  of  Penn- 
sylvania and  elsewhere. 

In  order  that  leakage  may  prevent  flows.  It  must  take  place  near  the  point 
at  which  the  water  horizon  Is  tapped.  It  has  been  shown  many  times  by 
Chamberlln  and  others  that  its  Influence  is  limited.  The  requisites  should 
therefore  postulate  the  absence  of  near-by  leakage  rather  than  the  non-occur- 
rence of  leakage. 

Essentials  op  Artesian  Ftjows 
The  essentials  of  artesian  flows,  as  recognized  by  the  writer,  are  as  follows : 
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Essentials  of  Artesian  Flotcs: 

I.  An  adequate  source  of  water  supply. 
II.  A  retaining  agent  offering  more  resistance  to  the  passage  of  water  than 

the  well  or  other  opening. 
III.  An  adequate  source  of  pressure. 

The  first  requisite  is  not  made  specific  as  regards  source,  as  artesian  waters. 
as  has  been  pointed  out,  are  not  derived  from  a  single  but  from  a  variety  of 
sources.  In  the  case  of  the  second  requisite  the  retaining  agent  may  be  a 
stratum,  a  vein  or  dike- wall,  a  joint,  fault,  or  other  fracture  plane,  a  water 
la^'er,  or  some  one  of  a  variet}'  of  other  agents.  The  pressure,  while  primarily 
due  to  differences  in  level  in  the  different  parts  of  the  artesian  system,  may  be 
transmitted  in  such  a  variety  of  ways  and  is  subject  to  so  many  modifying 
factors  that  the  specification  of  a  definite  source  is  impracticable. 

Modifying  Factobs 

It  is  believed  that  the  three  factors  of  the  preceding  paragraph  are  all  that 
can  be  considered  as  essential  to  artesian  flows,  all  other  postulated  requisites 
l>eing  in  reality  modifying  or  accessory  rather  than  essential  factors.  The^^ 
secondary  factors,  which  have  been  enumerated  in  the  preceding  pages,  may  be 
classed  as  follows : 

Secondary  Factobs  of  Abtesian  Flows 

I.  Hydrostatic  factors  (relating  to  pressure  and  movement). 

1.  Factors  mainly  affecting  pressure. 

a.  Barometric. 
6.  Temperature. 

c.  Density. 

d,  Roclk  pressure. 

2.  Factors  mainly  affecting  movement. 

a.  Porosity. 

ft.  Size  of  pores  or  openings, 
c.  Temperature. 
II.  Geologic  factors  (relating  to  reservoir). 

1.  Character  of  reservoir. 

2.  Retaining  agents. 

3.  Structure  of  reservoir. 

4.  Topographic  conditions. 

5.  Conditions  relating  to  supply. 

a.  Catchment  conditions. 

b.  Conditions  of  underground  feed. 

6.  Conditions  of  leakage. 

No  remarks  on  this  paper. 


le  mlildle  was  the  lant  phane  of  llie  latest  eniptlon.  and  Is  aD>lof;w 
inoiint  l"?!!^,  Martlnlqiio.  II  I*  oompoMd  of  Klasn]'  aodmlte  Ibat  * 
rundiill.  Lilt  <l<(l  not  form  a  How. 


v  formi'd  In  IHIW:  nl  rliclK  Ihc  In 
ifsy  of  ilie  Am.  Miis.  ut  Xot.  lUsI 


CRATER  OF  XINANTECATL  AND  COLIMA  VOLCANO 


n  of  Natural  Ulator]'.     G.  O.  Hdv« 
PHENOMENA    COLIMA,  MEXICO 


VOLCANOES   OF    COLIMA,    TOLUCA,    AND    POPOCATEPETL         635 

The  next  paper  was 

VOLCANOES  OF  COLJMA,  TOLUCAj  AND  POPOCATEPETL 

BY    EDMUND   OTIS    HOVEY 

[Abstract] 

The  principal  object  of  presenting  the  paper  was  to  sliow  the  Society  some 
photographs  of  these  three  volcanoes  which  were  taken  upon  excursions  made 
in  connection  with  the  meeting  of  the  Tenth  International  Geological  Congress 
in  the  city  of  Mexico,  in  September,  1906. 

Toluca  is  the  oldest  of  the  three.  A  feature  of  greatest  interest  in  the 
crater  is  the  dome  of  vitreous  andesite  .which  welled  up  in  the  crater  as  the 
latest  phase  of  the  activity  of  the  volcano  and  shows  a  certain  resemblance  to 
the  new  cone  of  mount  Pel6e.  The  volcano  of  Popocatepetl  shows  its  composite 
character  as  a  stra to- volcano  with  great  clearness  in  the  walls  of  the  crater, 
and  streams  of  lava  have  been  among  the  features  of  the  most  recent  erup- 
tions. The  volcano  of  Coll  ma  is  still  sending  up  a  vigorous  column  of  steam 
from  its  central  summit  crater.  From  this  summit  crater  there  poured  out, 
in  the  latest  eruption  (1903),  streams  of  veiy  frothy  lava,  which  present  a 
strange  appearance  on  account  of  the  porous  character  of  the  surface  blocks. 
The  same  feature  characterizes  the  streams  of  earlier  eruptions  and  has  led 
some  observere  to  the  erroneous  conclusion  that  flows  of  lava  have  not 
occurred  at  the  volcano  of  Colima. 

Kemarks  were  made  by  A.  Heilprin  and  the  author. 
The  next  paper  was 

GEOLOGICAL  STRUCTURE  OF  THE  UINTA  MOUNTAINS 

BY   S.   F.   EMHONS 

Remarks  w^ere  made  by  C.  P.  Berkey.    This  paper  forms  pages  287-302 
of  this  volume. 

The  following  paper  was  read  by  title : 

STRATIGRAPHY  AND  STRUCTURE  OF  THE  UINTA  RANGE 

BY  F.  B.  WEEKS 

This  paper  has  been  printed  as  pages  427-448  of  this  volume. 
The  next  paper  was 

STRUCTURE  OF  THE  FRANKLIN  MOUNTAINS,  TEXAS 

BY  G.   B.  RICHAHDSON* 

The  paper  was  discussed  by  W.  M.  Davis. 


•  Introdaced  by  C.  W.  Hayes. 
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The  following  paper  was  read  by  title : 

PROBABLE  AGE  OF  THE  MEQVMA  (OOLD^BBARINQ)  SERIES  OF  NOVA  SCOTIA 

BT   J.    EDMUND   WOODMAN 

[Ahstract] 

From  the  earliest  studies  to  the  present,  the  age  of  this  series  has  tieeu 
referred  to  In  terms  that  are  either  vague  or  dogmatic  without  requisite 
evidence,  and  has  been  placed  from  the  Silurian  to  the  pre-Cambrian.  Tbe 
most  commonly  stated  age  is  Lower  Cambrian,  the  Judgment  being  based  (1) 
on  "fossils,"  (2)  on  lithological  resemblance  to  other  supposed  Cambrian  rockJs 
For  the  most  part,  recent  references  have  merely  stated  the  age,  assigning  no 
reason  for  the  belief. 

The  ••fossils'*  are  believed  to  be  Inorganic  and  the  lithological  resemblances 
untenable  as  evidence. 

Of  the  i)ossible  lines  of  evidence  not  before  referred  to,  graphite,  lime,  and 
concretions  are  of  no  direct  value.  Scolithus  and  certain  as  yet  undescril)eii 
trails  from  Halifax  are  serviceable  only  as  evidence  of  organic  forms  of  some 
undetermined  kind.  Unconformities  show  that  all  the  great  events  in  the  his- 
tory of  the  series  are  pre-Devonian  except  the  intrusions,  which  are  lower 
Devonian;  but  thus  far  fail  to  narrow  the  problem  further.  The  composition 
of  younger  rocks  shows  detritus  from  the  Meguma  in  the  Devonian  and  Car- 
boniferous, but  nothing  more  definite  as  yet. 

Comparative  structures  are  held  to  be  especially  important  The  whole  <if 
the  peninsula  of  Nova  Scotia  is  built  upon  the  Meguma  series  as  a  base,  and 
the  rocks  of  all  ages  show  some  sympathy  in  the  strike  of  their  axes,  with  the 
very  marked  orogeuic  type  exhibited  by  that  series.  There  are  no  rocks  on  the 
mainland  of  Nova  Scotia  containing  Cambrian  fossils,  and  the  next  age  repre- 
sented by  fossils  is  the  Ordovician.  These  rocks  show  a  different  orogeuic  ty]»e 
from  the  Meguma ;  so  different  as  to  lead  to  the  conclusion  that  the  mouutain- 
building  of  the  latter  entirely  preceded  the  Ordovician.  As  the  formation  of 
the  bedded  veins  was  contemporaneous  with  the  folding  in  the  Meguma.  this 
places  the  chief  features  of  its  history  into  the  Cambrian  or  before. 

The  thickness  of  the  series  (nearly  30,000  feet)  is  regarded  as  far  too  great 
to  be  assigned  to  the  Cambrian  without  any  direct  evidence.  The  intruslves  of 
the  Meguma  are  all  acid  and  abyssal,  except  some  dioritic  material  on  the 
northern  margin  of  the  great  western  bysmalith  and  a  few  dikes;  and  the 
amount  of  igneous  rock  is  very  great  compared  with  the  area  of  the  sediments 
one  mass  alone  covering  nearly  2.000  square  miles.  The  granites  intrude  Silurian 
rocks  in  Annapolis,  Digby,  and  Kings  counties,  but  are  older  than  the  Horton 
series,  mappe<l  as  Devonian,  in  Kings.  They  were  intruded  after  all  the  main 
chapters  in  the  history  of  the  Meguma  series  had  been  enacted.  No  other  rocks 
(Tf  the  province  are  characterized  thus,  the  next  younger,  the  Ordovician,  having 
basic  hypabyssal  types. 

In  previous  literature  correlation,  direct  or  implied,  has  been  made  with 
various  series  from  the  Silurian  down,  those  series  themselves  often  of  doubt- 
ful or  unknown  age.    These  correlations  are  regarded  as  unwarranted,  and  tbe 
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^'OQclusion  is  reached  that  there  are  no  sufficient  data  to  permit  correlation  of 
The  Meg:uuia  with  any  known  series  elsewhere;  and  the  further  conclusion 
that  there  is  no  positive  evidence  for  regarding  the  Meguma  as  Camhrian,  but 
that  there  is  some  warrant,  not  amounting  to  complete  proof,  for  placing  it  in 
the  pre-Cambrian. 

It  is  expected  that  this  paper  will  be  printed  in  full  in  volume  19  of 
the  Bulletin. 

The  last  paper  of  the  morning  session  in  this  section  was 

ARTIFICIAL  PRODUCTION   OF   QNEI88IC  STRUCTURES  BY   CRYSTALLIZATION 

UNDER  STRESS 

BY  FBED.  EUGENE  WRIOHT 

The  second  section  of  the  Society  elected  George  P.  Merrill  chairman 
and  H.  ^l.  Ami  secretary,  and  then  proceeded  with  ithe  reading  of  papers, 
as  follows : 

» 

ORIGIN  OF  THE  LEAD  AND  ZINC  ORES  IN  MISSOURI 

BY  E.  B.  BUCKLEY 

The  paper  was  discussed  by  H.  C.  Hovey,  H.  M.  Ami,  and  the  author. 
The  next  paper  was 

LEBANON  GLACIER 
BY  G.  FREDERICK  WRIGHT 

[Abstract] 

Fifty  years  ago  Sir  Joseph  Hooker  reported  that  the  cedars  of  Lebanon 
were  growing  upon  a  terminal  moraine.  Since  that  time  references  to  the 
glaciation  of  the  Lebanon  mountains  have  been  frequently  made,  and  sweeping 
inferences  drawn  concerning  the  influence  of  the  Lebanon  glaciers  upon  the 
surrounding  country,  especially  upon  the  wnter-levels  In  the  Jordan  valley. 
It  was  for  the  purpose  of  getting  more  accurate  information  upon  the  subject 
that  in  October,  1903,  in  company  with  Professor  Alfred  Day,  of  the  Protestant 
College  in  Belrtlt  I  set  out  to  visit  the  principal  grove  of  cedars,  situated  at 
the  head  of  the  Kadtsha  river,  east  of  Tripoli.  The  successful  outcome  of  the 
exi3edition  Is  largely  due  to  Professor  Day's  comprehensive  knowledge  of  the 
jjeology  of  the  range,  and  I  hereby  acknowledge  my  great  indebtedness  to  him. 

The  Lebanon  mountains  rise  by  a  rapid  and  pretty  uniform  slope  from  the 
eastern  shore  of  the  Mediterranean  to  an  average  elevation. of  5,000  or  6,000 
feet,  and  opposite  Beirtlt  and  Tripoli  to  elevations  of  from  8,000  to  10,000  feet, 
Jel)el  Sannln,  east  of  Beirtit,  being  8,567  feet  above  the  sea  and  Jebel  Makhmal, 
east  of  Tripoli,  10,225  feet  above  the  sea.    This  range  extends  for  a  distance 
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of  95  mlle«  northward  from  the  Litany  river.  In  structure  the  Lebanon  nin^e 
Is  an  anticline,  embracing  three  series  of  Cretaceous  rocks.  The  lower  series, 
about  3,000  feet  in  thickness,  is,  however,  thought  by  some  to  be  Jurassic. 
This  rock  is  a  thick  layer  of  limestone,  sparingly  suiiplied  with  fossils,  amon? 
which  are  sponges,  corals,  brachioixxls.  and  the  characteristic  Cidarift  glandaria, 
and  is  generally  known  as  the  Glandaria  limestone.  This  formation  is 
exposed  at  the  bottom  of  many  of  the  deep  gorges  which  furrow  the  western 
flank  of  the  mountain,  and  appears  in  foldings  in  several  places  at  an  altitude 
of  from  4,000  to  5.000  feet,  where  the  su|)erincunibent  rocks  have  been  removal 
by  erosion.  It  is  this  limestone  which  is  so  extensively  weathered  into 
<'astellated  towers  and  so  beautifully  fluted  by  the  rains,  of  which  we  shall 
presently  speak. 

The  middle  series  consists  of  sandstone,  soft  limestone,  and  clay,  with  oix-;i- 
sional  exposures  of  thin  strata  of  jxjor  bituminous  coal,  with  pyrites  and 
efflorescent  salts  and  deposits  of  low  grade  iron  ore.  From  its  reddish  color 
this  series  can  be  distinguished  a  long  distance  away.  Alx>ut  half  way  up  the 
mountain,  near  Afka.  in  the  headwaters  of  the  Adonis  river,  there  is  a  con- 
siderable exposure  of  volcanic  ash  •around  what  seems  to  have  been  a  well 
defined  crater  connected  with  the  volcanic  eruptions  accompanying  the  eleva- 
tion of  the  range. 

The  third  series  is  composed  of  hippurite  limestone,  and  forms  the  summit  of 
tlie  range,  resting  there  in  nearly  horizontal  strata  and  attaining  a  thickness 
of  from  3,000  to  5.000  feet.  Upon  the  flanks  of  the  mountain  these  strata  are 
much  contorted  and  have  been  extensively  i-emoved  by  erosion. 

The  eastern  limb  of  the  Lebanon  anticline  descends  very  precipitously  into 
the  valley  of  Beka'a,  of  doelesyria,  which  separates  Lebanon  from  the  parallel 
range  of  Ant i -Lebanon,  from  10  to  15  miles  distant.  Near  Zahleh.  on  the  ea^^t 
side,  at  an  elevation  of  Ijetween  3.000  and  4.000  feet,  occur  porous  sandstones 
and  clays,  with  fossils  of  Miocene  age. 

In  order  more  thoroughly  to  test  the  question  of  the  general  gladation  of 
the  range,  we  traversed  the  region  diagonally  across  the  western  flank  of  the 
mountain  from  Beirflt  to  Jebel  Makhmal,  at  whose  western  base  the  Kadlsha 
river  has  its  source  amid  the  cedars  of  Lebanon.  The  distance  In  a  direct 
line  is  about  30  miles.  The  route,  however,  was  a  zigzag  one.  leading  fir?st 
up  the  Nahr-el-Kelb  to  the  natural  bridge  at  the  head  of  the  north  fork,  and 
then  over  the  divide  to  the  Adonis  river,  nt  Afka,  and  thence  across  the  head- 
waters of  the  Jozek  river  to  Bsherreh.  in  the  upper  iwrtion  of  the  Kadtsha. 
Throughout  the  larger  part  of  this  distance  we  were  immediately  under- 
neath the  summits  of  the  range  ui^n  tlie  east,  where  we  should  have  ob- 
served ancient  nioralncs  and  other  signs  of  glaciation.  if  any  had  occurred: 
but  there  was  a  total  absence  of  such  signs,  except  possibly  near  Afka,  where 
the  debris  accumulated  at  the  base  of  the  summit  had  somewhat  the  appear- 
ance of  till;  and  again,  near  AkOrn.  where  an  immense  amount  of  debris 
having  accumulated,  it  was  gradually  sliding  down  to  a  lower  level,  as  it  was 
undermined  by  the  northern  branch  of  the  Adonis  river;  but  throughout  thi< 
entire  distance  tlie  sculpturing  of  tlie  mountain  side  revealed  the  action  of 
water  rather  than  of  ice.  The  deep  and  frequent  gorges  were  wholly  due  to  tb** 
action  of  water,  while  innumerable  castellated  and  fantastically  sculptured 
projections  of  tlie  lower  limestone  conclusively  demonstrated  that  ice  had  notlh 
ing  to  do  witli  the  general  sculpturing  of  the  mountain  side. 
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It  was  only  as  we  approached  Bsberreh,  near  the  headwaters  of  the  Kadtsha, 

that  true  signs  of  glaeiation  api)eared.     Here,  at  an  elevation  of  5,300  feet, 

the  front  of  a  moraine  extends  from  one  side  of  the  valley  to  the  other,  a 

distance  of  about  four  miles.     The  moraine  consists  of  limestone  fragments 

of  all  sizes  from  vast  block?  down  to  fine  liowder,  derived  from  the  hippurite 

limestone  forming  the  crest  of  the  mountain  a  few  miles  bacli.    In  the  middle 

of  the  valley  the  precipitous  face  of  this  moraine  is  several  hundred  feet 

thi(*k.  and  is  suffering  erosion  from  a  powerful  current  of  water  which  issues 

ns  a  spring  from  its  base,  this  being  the  drainage  from  the  whole  area  of 

the  moraine  back  of  it    Thi-ough  the  action  of  this  stream  a  triangular  area 

has  been  eroded  from  the  moraine,  ending  in  an  acute  angle,  where  the  water 

emerges  from  beneath  the  surface.     No  scratched  stones  were  found  in  the 

moraine,  which  is  doubtless  due  to  the  fact  that  the  material  has  been  brought 

from  only  a  short  distance,  and  i>robably  had  for  the  most  part  been  borne 

ui)on  the  surface  of  the  ice.  whither  it  had  fallen  from  the  overhanging  ledges 

at  the  summit  of  the  mountaiu.     But  that  it  was  of  glacial  origin  is  certain 

from  the  promiscuous  Intermingling  of  coarse  and  fine  fragments  and  from 

the  impossibility  of  its  having  been  brought  into  jwsition  through  the  action 

of  gravity  upon  an  ordinary  talus,  and  still  further  from  the  topography  of  the 

area  extending  4  or  5  miles  back  toward  the  head  of  the  valley. 

ITpon  ascending  to  the  summit  of  this  moraine,  we  find  that  it  extends  about 
5  miles  toward  the  apex  of  the  valley  and  presents  everywhere  the  knoll  and 
1k>w1  toi>ography  characteristic  of  a  true  terminal  moraine.  The  grove  of 
cedai-s  which  makes  the  region  celebrated  Is  growing  upon  the  upper  part  of 
this  moraine,  at  an  elevation  of  6,300  feet  above  the  sea.  Standing  on  the 
easteni  edge  of  this  grove,  one  sees  the  highest  summit  of  the  I-.ebanon  range, 
Konie  3  or  4  miles  distant,  with  a  triangular  depression,  100  or  200  feet  below 
hlni,  which  was  evidently  occupied  by  Ice  during  the  last  stages  of  the  declin- 
ing glacier,  which  had  poured  do\vn  from  the  small  plateau  on  the  summit 
tlii"ough  a  narrow  trough,  clearly  visible,  and  spread  out  as  It  had  opportunity 
over  the  expanding  area  of  the  valley. 

Fpon  ascending  the  summit,  one  finds  a  plateau,  of  several  square  miles, 
where  the  snows  gathered  during  the  Glacial  epoch  in  sufliclent  quantity  to 
supply  the  glacial  Ice  that  pushed  down  into  the  valley  of  the  Kadisha,  a  dis- 
tance of  8  or  9  miles,  and  to  a  level  which  is  about  one-half  of  the  total 
height  of  the  mountain  above  the  sea. 

T'pon  descending  the  mountain  into  Coelesyria  toward  Ba*albek,  we  could 
find  no  signs  of  glacial  action.  In  the  local  valley  of  a  small  stream  which 
runs  between  the  eastern  foothills  and  the  main  range  of  I/ebanon  and  dis- 
appears in  the  sink  of  the  Yaniuneli,  there  is  an  Immense  accumulation  of 
prravel,  which  In  places  appears  In  ridgelike  accumulations,  extending  across 
tlie  valley,  which  was  evidently  deposited  by  streams  rushing  down  the  steep 
side  of  the  mountain  and  projecting  the  material  brought  down  far  out 
beyond  the  base,  while  occasionally  there  were  immense  boulders  nearly  a 
quarter  of  a  mile  from  the  base,  which  probably  were  carried  out  so  far  by 
their  own  momentum,  attained  in  i"olling  down  from  a  great  height. 

This  moraine  at  the  head  of  the  Kadtsha  river,  upon  which  the  cedars  of 
r^ebanbn  are  growing,  has  all  tlie  marks  of  youth  which  characterize  the 
jrlacial  deposits  of  America  and  Europe.    The  bowls  upon  the  surface  have  not 
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been  extensively  filled  up  with  sediment  and  the  knolls  have  not  been  greatly 
diminished  in  height  The  erosion  by  the  stream  Issuing  from  the  front  of 
the  glacier  is  comparatively  limited  in  ext^it  More  careful  study  of  it  may 
yet  shed  some  light  on  the  time  that  has  elapsed  since  glacial  accumulation 
ceased  at  the  margin,  but  at  present  we  have  no  data  from  which  to  make 
calculations. 

An  interesting  subject  of  inquiry  concerns  the  relation  of  this  glacier  to 
the  ancient  water-levels  in  the  Jordan  valley.  It  has  been  pretty  generally 
assumed  that  the  expansion  of  the  Dead  sea  shown  by  the  sedimentary  terraces 
which  surround  the  valley  at  an  elevation  of  650  feet,  and,  as  Hull  maintains, 
at  an  elevation  of  1,400  feet,  was  the  direct  result  of  the  glacial  conditions  in 
the  Lebanon  and  Anti-Lebanon  mountains.  Even  though  no  glacial  streams 
cfould  reach  the  Jordan  valley  from  the  Lebanon  mountains,  it  is  maintained 
that  the  increased  precipitation  and  diminished  evaporation  of  the  region 
during  that  epoch  would  result  in  filling  the  Jordan  valley  with  a  body  of  water 
200  miles  long,  30  or  40  miles  wide,  and  at  its  southern  end  2,000  feet  deep. 

It  is  possible,  however,  to  interpret  the  facts  in  a  different  way,  and  make 
the  glaciation  of  the  Lebanon  mountains  an  effect  of  the  increased  area  of  the 
Dead  sea  rather  than  the  cause.  There  is  abundant  evidence  that  the  land 
all  along  the  shore  of  the  Mediterranean  has  risen  250  or  300  feet  during  the 
most  recent  geological  era.  Raised  beaches  containing  shells  of  the  same 
species  that  are  now  living  in  the  Red  sea  and  the  Mediterranean  are  found 
near  the  pyramids  in  Egypt  and  in  the  vicinity  of  Jaffa  and  Lattakia,  on  the 
eastern  shore  of  the  Mediterranean.  Now,  if  the  land  of  this  region  were 
to  be  depressed  300  feet,  it  would  admit  the  water  of  the  Mediterranean  into 
the  Jordan  depression  through  the  valley  of  Esdraelon  between  Nazareth  and 
mount  Carmel.  It  is  quite  possible  that  the  filling  of  the  valley  with  water 
during  that  depression  may  have  been  the  cause  of  the  greater  precipitation 
which  produced  the  conditions  favorable  to  the  formation  of  the  Lebanon 
glacier.  If  so,  the  various  means  we  have  of  estimating  the  date  of  that 
depression  of  land  may  aid  us  in  determining  the  approximate  date  of  the 
Lebanon  glacier.  The  general  aspect  of  this  moraine  and  the  specific  evidence 
bearing  on  the  date  of  the  enlargement  of  the  Dead  sea  all  point  to  these 
occurrences  as  comparatively  modem  events,  estimated  in  tens  of  thousands 
of  years  rather  than  of  hundreds  of  thousands  of  years. 

Eemarks  were  made  by  H.  C.  Hovey  and  the  author. 

ICE  PRESEyr  Duiijya  the  formation  op  olacial  terraces 

BY  F.  p.  GULLIVEB 

[Ah8trarA'\ 

This  paper  defioribed  with  maps  and  lateni  slides  some  glacial  deposits 
along  the  Connecticut,  Thames,  and  Quinebaug  rivers  which  have  usually  be«i 
classed  with  the  terraces  formed  by  the  down-cutting  of  the  riverR.  An 
example  of  terraces  which  have  surely  been  carved  by  river  action  is  found 
in  the  Westfield  river  west  of  Springfield,  Massachusetts. 

The  deposits  described  along  the  Connecticut  rivers  were  contrasted  with 
those  found  at  Westfield,  and  it  was  shown  that  they  must  have  been  formed 
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before- the  ice  had  completely  melted  from  the  valleys.    These  deposits  were 
therefore  forms  of  ags^radatiou  and  not  forms  produced  by  degradation. 

Typical  eskers,  deltas,  and  kettle-holes  are  associated  with  these  so-called 
terraces ;  and  even  where  these  deposits  have  the  characteristic  form  of  river 
cut  terraces,  cross-sections  as  revealed  by  railway  or  other  cuts  show  delta 
structure  rather  than  the  structure  of  alluvial  flood-plains.  The  delta  lobes 
point  either  down  stream  or  into  side  valleys,  and  there  are  frequently  found 
unfilled  portions  of  the  main  preglacial  valley  and  of  its  tributaries  below  the 
level  of  the  delta-terrace,  between  the  delta-terrace  and  the  rock  walls  of  the 
older  valley. 

The  discussion  was  participated  in  by  F.  G.  Clapp,  E.  D.  Salisbury, 
F.  Leverett,  Alden,  and  the  author. 

PLEISTOCENE  GLACIAL  PHENOMENA  OF  THE  BOLIVIAN  PLATEAU 

BY   W.   0.   TIGHT 

The  paper  was  discussed  by  H.  F.  Beid  and  C.  H.  Hitchcock. 

PREOLACIAL  DRAINAGE   IN   THE   MISSISSIPPI   VALLEY,   A    WORKING 

HYPOTHESIS 

BY   W.  O.   TIGHT 

Eemarks  were  made  bv  F.  Leverett  and  F.  Carnev. 
The  following  paper  was  read  by  title : 

GLACIAL  FLOWAGE  OVER  NEW  ENGLAND 
BY  J.  B.  WOODWOBTH 

COMPLEXITY  OF  THE  GLACIAL  PERIOD  IN  NORTHEASTERN  NEW  ENGLAND 

BY   FREDEBICK    C.    CLAPP 

Discussion  by  F.  Leverett,  C.  H.  Hitchcock,  Alden,  H.  M.  Ami,  and 
the  author.     This  paper  is  printed  as  pages  505-556  of  this  volume. 

GLACIAL  LAKE  MEMPHREMAGOG 
BY  C.   H.   HITCHCOCK 

[Abstract] 

The  existence  of  this  lake  was  first  announced  at  the  meeting  of  the  society 
In  1894.»  Recent  studies  show  that  it  was  tributary  to  Glacial  Lake  Cham- 
plain  by  way  of  both  the  La  Moille  and  Winooskl  valleys.  When  the  ice 
filled  the  Champlain  valley  to  the  depth  of  a  thousand  feet  the  impounded 
water  on  the  east  side  could  have  reached  the  Connecticut  basin  by  way  of 
White  river. 


*  Bull.  Oeol.  Soc.  Am.,  vol.  0,  p.  4CH). 
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Further  desoriiitions  of  thin  rather  uuique  Ixxly  of  water  will  be  found 
presented  in  a  **Rei>ort  on  the  Champlain  deiK>sits  of  northern  Vennout." 
I>rinted  aR  a  part  of  the  Fifth  Uejwrt  uix)n  the  Geology  of  Vermont,  1906,  by 
Professor  G.  H.  Perkins. 

Discussion  by  G.  F.  Wright  and  C.  H.  Richardson. 

PRE-WI8C0XSIX  DRIFT  IX  THE  FIXGER  LAKE  REGIOX  OF  XEW  YORK 

BY  FRANK  CARNEY t 

The  paper  was  discussed  by  R.  S.  Tarr  and  the  author. 
This  paper  has  been  published  in  the  Journal  of  Geology,  volume  xv, 
1907,  pages  571-o85. 

WAVE-CUT    TERRACES    JX    KEUKA    VALLEY    OLDER    THAN    THE    RECBSSIOX 

i^TAGE  OF  WISC0X81X  ICE 

BY    FRANK    CARNEY 

The  paper  was  discussed  by  F.  G.  Clapp.  This  paper  has  been  pul>- 
lished  in  the  American  Journal  of  Science,  volume  xxiii,  1907.  pagi^ 
325—335. 

The  section  adjourned  for  luncheon. 

The  section  of  tlie  Society  convened  again  at  2.15  o'clock  p  m,  with 
the  firet  section  (physical  and  structural  geology)  under  the  chairmanship 
of  the  Acting  President. 

The  first  paper  r(»ad  was 

ORIGIX  OF  METEOR  CRATER  iCOOX  RL'TTE),  ARIZOXA 

BY    II.    I..    FAIRCIIILD 

Remarks  were  made  by  A.  C.  Lane  and  G.  P.  ^lerrill.     The  pajnT 
forms  pages  493-504  of  this  volume, 
'^^riie  next  pai)er  read  was 

AFTOX  CRATERS  OF  SOL  THE RX  XEW  MEXICO 

BY   W.   T.    LEE 

This  paper  is  printed  as  pages  211-220  of  this  volume. 
The  next  paper  read  was 

VOLCAXIC  XECKS  OF   THE  MOUXT  TAYLOR  REGIOX,  XEW  MEXICO 

BY   D.    W.   JOHNSON* 

This  paper  is  jmnted  as  pages  303-324  of  this  volume. 


t  Introduced  by  II.  L.  Fairchild. 
•  Introduced  by  Kalph  Arnold. 
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The  following  paper  was  then  read : 

EARTH-FLOWS  AT  THE  TIME  OF  THE  SAN  FRAyCJSCO  EARTHQUAKE* 

BY  BOBEBT  AI^DEBSOX 

[Abstract] 

Laudslides  of  different  kinds  resulted  in  great  nuuibei*8  from  the  California 
earthquake  of  April  18.  1900.  The  term  larth-flow  is  applied  to  landslides 
having  the  nature  of  flows  of  surface  material  partially  saturated  with  water 
that  were  produced  as  a  result  of  the  earthquake  by  the  sudden  accession  of 
water  to  iwlnts  on  the  surface.  l7ndergi*ound  conduits  of  water  suffered  dis- 
turbances from  the  earthquake  shock,  and  seepages  occurred  at  the  surface  at 
new  points  or,  in  increased  amounts,  at  old  points  of  moisture  concentration. 
In  certain  cases  the  water  seems  to  have  risen  with  a  gush,  as  if  actually 
squeezed  fi-om  the  hills.  The  effect  of  this  abnormal  supply  of  water  was  a 
saturation  and  loosening  of  the  subsoil  and  a  flowing  movement  of  the  sur- 
face debris  away  from  areas  so  affecteil.  The  original  loosening  was  aided  by 
the  vibratory  movement  of  the  sliock,  especially  at  i)oints  where  some  moisture 
had  already  gathered  in  the  ground,  the  intensity  of  the  shock  in  moist  ground 
having  l)een  much  greater  than  elsewhere.  The  water  was  the  chief  agent 
in  causing  the  movement  of  the  loosened  material,  as  a  result  of  the  weight 
that  it  added  and  the  semi-fluid  nature  that  it  gave  to  the  mass.  The  process 
was  usually  one  of  sapping  and  undermining,  the  surface  sod  remaining  dry 
and  being  broken  into  blocks  and  transjwrted  in  a  comparatively  little  dis- 
turl)€d  i3osition  on  a  plastic  substratum.  At  some  of  the  earth-flows  water 
continued  to  flow  after  the  earthquake  where  it  had  not  flowed  before. 

Earth-flows  were  of  frequent  occurrence  in  the  Coast  ranges,  the  waiter 
finding  them  numerous  on  the  San  Francisco  peninsula  and  in  the  Santa  Cruz 
mountains  within  a  score  of  miles  of  the  fault,  and  what  api)eared  to  be  flows 
of  similar  origin  at  a  much  greater  distance  from  the  epicentrum.  They  were 
formed  on  gentle  as  well  as  steer)  slopes,  and  both  in  previously  dry  drain- 
age depressions  and  on  convex  hillsides.  In  the  largest  flows  thousands  of 
tons  of  earth  and  rock  detritus  were  removed  and  carried  hundreds  of  yards, 
leaving  great  cavities.  In  one  case  a  hole  ten  feet  deep  was  excavated  over 
an  area  of  nearly  an  acre  on  a  flve-degree  slope,  and  the  material  removed 
was  spread  over  two  acres. 

Such  earth-flows,  as  well  as  the  related  slumps  caused  by  earthquakes,  in 
the  case  of  which  it  is  not  easy  to  determine  whether  or  not  tlie  slide  or  flow 
of  soil  has  been  aided  by  a  suddenly  increased  water  supply,  are  of  special 
jreologic  imiK)rtance  for  the  reason  that  tliey  aid  in  the  initiation  of  drainage 
Hues  and  the  furtherance  of  degradation. 

The  following  paper  was  read  bv  I?.  B.  Moore : 

RADIOACTIVITY    OF    THE    THERMAL    WATERS    OF    YELLOWSTONE   NATIONAL 

PARK 

BV  HERMAN   SCHLIXnT  AND  RICHARD  D.   MOORE  f 


•  This  subject  is  treated  more  fully  In  the  report  of  the  Earthquake  Commisslou  beluj 
published  by  the  Carneiile  Institution  of  Washinj^ton. 

t   Introduced  by  C.  W.  Hayes. 
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Remarks  were  made  by  J.  F.  Kemp  and  A.  C.  Lane. 
The  following  paper  was  then  read  b}'  title : 

OCCCRREXCB  OF  UXCSUALLT  LARGE  CALCITE  CRT8TALB  IN  SEW  YORK 

STATE 

BY  U.   H.  XF.WLATS^D 

The  next  paper  was 

ASYMMETRIC  DIl'FEREXTIATJOX  IS  A  BATHYLITH  OF  ADIROXDACK  STESITE^ 

BY    H.    P.    CUSHINO 

The  paper  was  discussed  by  A.  C.  Lane.     It  forms  pages  4TT-492  of 
this  volume. 

The  following  paper  was  then  read  by  title: 

FORMATIOy  OF  LEVCITE  IS  IGNEOUS  ROCKS 
BY  HEXBY  S.  WASHINGTOX 


The  next  paper  was 


OESETIC  RELATIONS  OF  SOME  GRANITIC  DIKES 

BY    ALFBED   C.   lANE 

Contents 

rag* 

1.  Effect  of  difference  of  conditions  on  cryRtalUzatlon 044 

2.  Application  to  pegmatites <»4ri 

3.  Observations  in  the  Huron  mountains 04r» 

4.  Conclusions <^^»47 

1.  Effect  of  Difference  of  Conditions  on  Cbystallization 

One  of  tlie  fundamental  principles  in  considering  the  coarseness  of  grain 
of  rocks  is  that,  other  things  being  equal,  the  less  the  difTereuce  between  tlie 
conditions  before  and  after  crystallization,  the  coarser  will  be  the  crystaUizii- 
tlon.  When  the  difference  of  conditions  Is  small,  the  rate  of  change  from  tli«» 
one  state  to  the  other  will  also  be  slow,  and  the  crystallization  proiwrtlon- 
ately  coarse.  We  note  this  In  the  lal>oratory,  where  the  coarse  crystals  are 
formed  from  the  relatively  cool  or  tepid  solutions,  and  In  the  kitchen.  wUerv 
the  conditions  for  making  the  coarsely  crj'stalllzed  rock  candj-  are  sha !!»•>* 
contrasted  with  rapid  cooling  and  stirring  of  a  hot  syrup  required  to  make  a 
** fondant,"  which  forms  the  center  of  chocolate  creams.  This  principle  is  one 
"  *-  consequences  of  the  proposition  that  the  grain  Is  proportional  to 
3  of  cooling.* 

cport  Geological  Survey  of  Michigan,  1008,  p.  212. 
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2.  Application  to  Pegmatites 

As  applied  to  the  giant  granites,  the  pegmatites,  the  ultra  coarse-grained 
roc'ks,  the  principle  mentioned  suggests  that  the  rock  broth,  or  magma,  from 
which  they  formed  was  not  so  different  in  its  physical  conditions,  such  as 
temperature,  pressure,  and  gas  saturation,  from  the  surrounding  rock.  They 
might  accordingly  be  formed  by  a  raising  of  the  rock  to  a  point  where  any  part 
of  its  constituents  became  fluid,  or,  what  amounts  to  the  same  thing,  where 
it8  inherent  rock  moisture  has  its  solvent  iK>wer  markedly  increased.  This 
might  be  the  origin  of  what  might  be  called  segregation  pegmatites.  But,  on 
the  other  hand,  we  may  consider  them  products  of  an  ordinary  granitic  magma, 
occurring  in  the  granite  mass  or  in  its  contact  zone. 

The  suggestion  would  then  be  that  they  should  be  a  relatively  late  product 
of  it,  after  its  contact  zone  had  been  heated  up  and  after  the  magma  had 
lost  some  of  its  original  fluidity,  heat  or  gas,  and  was  on  the  ix>int  of  crystal- 
lizing^— indeed,  had  perhaps  largely  crystallized  already,  leaving  only  a  residual 
anchieutectic*  magma. 

« 

3.  Obsebvations  in  the  Huron  Mountains 

The  foregoing  reflections  came  to  me  from  some  observations  in  the  Huron 
mountains.  The  locations  where  these  facts  ma^'  l>e  observed  are  8o  very 
numerous  that  they  can  hardly  be  particularized,  and  in  fact  Professor  A.  E. 
Seaman,  of  the  Houghton  College  of  Mines,  who  has  vastly  wider  exi>erience 
than  I  of  this  region,  says,  also,  that  the  pegmatites  cut  the  aplltes,  so  far  as  he 
has  seen.t 

The  country  rock  is  a  series  of  banded  gneisses  and  hornblende-schists  and 
amphibolites,  Keewa  tin-Laurent  Ian,  forming  anticlinal  regions  between  the 
basins  of  Huronlan  rocks.  The  countrj'  was  mapped  by  the  first  surveyors 
as  "syenite  and  gneissold  granite,"  and  has  since  been  mapi)ed  with  the  Azoic, 
Laurentian,  and  Archean.  At  times  the  banding  Is  well  marked,  strikingly 
like  that  of  a  series  of  sediments. t 

The  amount  of  hornblende  varies  greatly.  The  strike  of  the  banding  Is 
pretty  constantly  west  northwest — that  Is,  parallel  to  the  axis  of  the  synclinal 
of  Huronlan  rocks  that  lies  south. 

This  country  rock  is  cut  by  various  classes  of  dikes. 

(1)  In  the  first  place,  it  is  cut  by  the  group  of  granitic  dikes  which  we  wish 
to  study. 

(2)  They  are  cut  by  a  group  of  urallte  diabases,  epidlorlteg,  etcetera,  which 
are  probably  of  Huronlan  age. 

(3)  Latest  are  diabases,  like  that  of  Marquette,  which  are  presumably 
Keweenawan.§ 


•  Vogf  8  word — almost  eutectic.  Compare  also  my  paper  on  the  rOle  of  possible  eutec- 
tics  in  rock  magmas,  Journal  of  Geology,  1904,  pp.  86.  89. 

t  However,  this  paper  is  based  mainly  on  notes  and  sketches  on  Huron  mountain, 
section  39,  township  52,  range  20,  and  sections  24  and  25  adjacent ;  also  mount  Homer, 
section  SI,  township  52,  range  28,  near  Mountain  lake;  also  Pine  lake,  in  section  28, 
township  62,  range  28,  especially,  and  section  4,  township  52  north,  range  27. 

t  So  around  Ives  lake. 

f  See  Geological  Survey  of  Michigan,  vol.  vl,  part  1,  chapter  x. 
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The  coarsest  coiintiy  rook  is  a  lioniblende-gneiss,  but  the  individual  grains 
are  rarely  over  2  to  3  millimeters  across.  A  tendency  to  iwrphyrltic  texture, 
like  that  of  the  Republic  granite,  is  rare  and  not  pronounced.* 

In  but  few  places  does  the  honiblendic  country'  rock  fail  entirely  to  l*e 
cut  by  retl  dikes  composed  mainly  of  quartz  and  feldspar.  There  is  but  little 
sign  of  one  being  in  excess  over  the  other,  and  they  are  probably  nearly 
eutectic. 

Generally  the  rock  is  riddled  with  them  and  they  stand  in  relief,  and  m:iy 
show  glacial  strije  when  the  rest  of  the  i-ock  does  not.  They  are  close  weldeil 
to  the  country  rock,  so  that  it  is  not  very  difficult  to  get  a  piece  showing  Iwth 
sides  of  the  contact.  Indeed,  frost  will  sometimes  spall  oflP  a  section  clear 
across  a  small  dike  including  a  little  of  the  countiy  rock  on  either  side.  Some- 
times, as  at  the  top  of  Huron  mountain,  they  are  so  abundant  that  at  first 
sight  the  <*ouutry  rock  api>ears  like  a  lot  of  basic  fragments  or  seci^etions  in- 
closed in  a  general  mass  of  granite:  yet  it  is  very  easy  to  see  that  thnni;:!] 
all  these  apparent  fragments  there  is  a  ctmstant  strike  and  dip  of  the  s<*hi^- 
tosity  in  which  tlie  re<l  granitic  matter  does  not  partake.  A  more  careful 
examination,  moreover,  shows  the  nexus  of  dikes  which  make  up  the  geneml 
granitic  effe<'t. 

Now  we  may  for  convenience  sake  divide  these  dikes  Into  (a)  thase  whose 
grain  is  finer  than  the  country  rock,  less  than  2  to  3  millimeters,  often  about 
1  millimeter,  which  we  will  call  aplites;  {h)  those  whose  grain  is  coarser 
than  the  country  rock,  often  50  millimeters  or  so.  which  we  may  call  pegmatites. 
Exceedingly  coarse  pegmatites  I  did  not  see. 

We  find  the  following  variation  of  grain  in  individual  dikes: 

1.  Dikes  aplitic  in  general  grain,  with  coarser  border. 

2.  Dikes  aplitic.  but  with  coarser  pegmatite  bands  near,  but  not  at.  the  side. 

3.  Dikes  granitic  in  grain,  with  coarser  i»egnmtitic  border. 

4.  Dikes  with  a  fine-grained  margin  and  coarser  center.  This  type  seems 
rare,  and  in  many,  but  not  all.  cases  may  be  explained  by  the  splitting  of  a 
fine-grained  dike  by  a  later  coarse-grained  one. 

5.  In  many  cases  the  grain  seems  luiiform — at  least  to  casual  insi>ection — 
througlioiit. 

It  is  not  inicommon  to  find  a  concentration  of  the  darker  minerals,  the 
mica  or  hornblende,  at  the  center  of  the  dike. 

A  very  striking  dilvc  of  pegmatite  (figure  1)  on  mount  Homer,  28  inches 
wide,  shows  irregular  prisms  of  quartz  growing  from  the  margin,  while  the 
center  is  made  up  of  patches  of  graphic  granites.  Figure  1  is,  however,  only 
a  memory  sketch  .from  notes  at  the  time.t 

In  a  rough  way  .the  larger  pegmatites  are  also  coarser  in  grain;  but  while 
lM)tli   the  pegmatites  and   the   aplites  are  close  welded   and   have  about   the 


•  I  noticed  a  trace  with  feldspar  grains  10  millimeters  long  on  the  south  side  of 
Second  Pine  lake.  A  splendid  porphyrltic  rock  at  the  foot  of  mount  Homer,  and  n«tr 
J.  M.  Longjears  house,  on  Ives  lake,  I  take  to  be  a  Huronian  dike. 

t  I  rememl>er  seeing  a  similar  structure  In  a  pegmatite  dike  on  the  north  side  of  Sand 
lake,  Proudfoot  township,    Parry  sound.  Canada.     The  dike  was  32  inches  broad,  and 
Tadlated  from  each  side  for  aljout  4  Inches,  while  the  dike  as  a  whole  wms  mad** 
tlte.  muscovite,  feldspar,  and  guartz  in  good-sized  crystals. 
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Kinie  tendency  to  follow  strniglit  lines  or  cut  irreuulnrly  acroHM  tbe  country 
rot-k.  tcilk  perhapg  no  exception  the  ciiamcr  iiikc»  cut  the  aplitci. 

4.  Cosci.vsioNS 

The  Inference  seenix  nnrriintHi  tliiit  the  cinntic  dikes,  aplites  ftnd  pegnintites 
ti>i;etlier.  represent  one  iwriad  of  inviixloii  of  tbe  Keewatin  bornbleude  seliintfl 
mill  Kueixxen  by  the  KrHiiitic  ningnin.* 

In  tbe  tieitiiHilii)!  tlie  (liffeivii<«  of  coiulltioiis  of  eonnlry  r<M-k  niid  ninpiiii 
ttjis  coui<iilenil)le.  Still  tbe  iilisence  of  flne-grnineil  miir;;inH  shows  tiirtt  the 
iinulitionn  of  solldittciitlon  of  the  Jiriinltie  niiiRma  (preswnre.  temiKTiituve. 
tuliiemllzers)  wei'e  neiirer  tbe  condltlonH  of  tlie  country  rock  tlinn  tltoxe  of 


FIOUSB  \.—StruttHre  of  U  H 

The  quartz  grows  oul  for  4  lDClii>s  (100 
T'lrux.      The  rest  ol  (he  ha;  Is  mainly  fl   ed  iia 

blsi^k  ;  feldspar  wbite. 

the  tnflgnin.  or  nt  tlmen  JiiHt  nbout  h  in 

I.nter  the  temjiernture  of  the  eon  Kx.ro  se 

file   conditions  of  -  llquefiiction  for  gi  ito 

At  any  riite,  tbe  Interval  decrease)  m  eo  co  so 

the  dikes  to  the  conditions  of  the  eo       ry  ro  so  >e'' 

;ire   coarser.     If  tbe  pranltle  mug  so  co  jec 

t'ven  more  than  tbe  apllte  uniform  rom  ce 

fjir  n»  It  WHS  nmlifled  by  a  tendei 

eiiteclle  to  crj-stnlllKe  ont  earlier.  <  fl 

:is  111  veins,  tbe  siiine  tendency  tlint 
iin  HiKlereooted  fluid. 

Such  tendencies  niny  explahi  (be  pe  6 

in  i»irt.  hut  It  may  niso  he  explni 
<im)1(m1  as  fast  ns  the  ctiuntry  ns'k  so 

tioii  were  nliont  hnlf  way  hetween 

Criticism  bas  been  made  of  my  studies  of  „rnin  that  I  hii\e  not  alio^ied 
ciioiiifli  for  undercooling  and  varying  velocity  of  crystiilliaition.t 

I  ttiink  it  will  Ite  fonnd  that  I  liave  nlwiiys  i-e^-iiKni^eil  that  other  factors 
tliiiri  rate  of  cooilne  were  of  ln]i>ortaiice,  and  niy  matlieinatlciil  work  only 
trlveM  n  first  approximation.  Imt  I  bave  Insisted  tlittt  observation  shows  that 
oft*'!!   it  bas  lieen  of  leadhig  inijiortance.  and  my  results  bave  been  ohtalned 

f  V  at  tnj  annual  repcirt.  iJmloBli'fll  Siirv.'.v  ot  MkhUnin  for  l!"i:r.  pji,  :;il  nnd  -JVi. 
X  I>oetler :  Pelrogenesls.  p.  4.". 
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by  deflnite,  if  not  exact,  numerical  measurements,  showing  that  the  grain 
in  some  cases  did  vary  as  it  would  if  the  rate  of  cooling  were  the  dominant 
factor.  It  must  be  remembered,  too,  that  it  is  more  than  probable  that  most 
igneous  magmas  contain  catalyzers — gases  of  one  kind  or  another  that  promote 
liquidity  and  restrain  viscosity — and  that,  as  regards  the  later  formed  mineral^), 
the  earlier  act  as  centers  or  nuclei  of  crystallization,  notably  orthite  in 
granite,  promoting  crystallization  and  preventing  undercooling,  thus  making 
the  grain  more  responsive  to  the  rate  of  cooling.  Indeed,  the  jars  recorded 
by  seismographs  may  have  some  effect. 

To  give  more  concrete  expression  to  our  conclusions,  let  us  insert  some 
hypothetical  figures: 

Suppose  the  homblendic  country  rock  was  at  first  at  100  -f-  degrees  centi- 
grade (the  close  welded  contacts  suggest  that  it  was  not  wet).  The  temjiera- 
ture  of  formation  of  the  aplites  was  probably  not  above  800  degrees  centigrade 
(the  inversion  point  of  quartz  to  tridymite,  according  to  Day  and  Allen,  i? 
about  760  degrees  at  ordinary  pressures).  If  so,  the  initial  temperature  of 
the  aplite-forming  magma  was  a  little  less  than  1,500  degrees  (2  X  800  —  lOCh 
-f  100 ;  but  by  the  time  the  coarsest  pegmatites  of  this  region  formed  the  coun- 
try rock  temperature  may  have  risen  to  over  700  degrees  and  the  magma 
temperature  fallen  to  less  than  900  degrees,  if  we  suppose  the  grain  to  be  riii 
times  greater  in  the  pegmatite  than  in  the  aplite. 

This  is  merely  an  illustration,  for  I  am  inclined  to  think  that  the  inter- 
change of  vapor  pressure,  or  gases,  is  quite  as  important  as  the  interchange 
of  heat,  and  the  growth  of  quartz  crystals  from  the  margin  of  the  pegmatitei^ 
is  especially  due  to  it. 

The  next  paper  was 

OPHJTIC  TEXTURE 
BY   A.    C.    LANE 

[Abstract] 

Ophitic  texture  is  not  a  mere  synonym  of  the  diabasic,  but  a  variety  of 
the  poikilitic*  made  by  the  inclosure  of  tabular,  or  lath-shaped,  feldspar  in 
augite,  by  which  a  mottled  appearance  is  often  produced,  like  that  of  some 
ophidians  (figure  1,  plate  70).    This  mottling,  when  coarse  enough,  api^ears: 

(1)  On  smooth,  dull,  or  matte  surfaces,  like  those  of  pebbles  or  diamond 
drill  cores  (figure  2,  plate  70). 

(2)  On  fresh  fracture  very  faintly,  but  in  the  sunlight  the  reflection  on  large, 
interrupted  cleavage  faces  of  the  augite  produces  the  effect  called  by  Purapelly 
"luster-mottling." 

(3)  On  joints  and  rifts  the  pattern  is  brought  out  in  a  variety  of  color 
effects,  according  to  the  type  of  weathering. 

(4)  On  weathered  surfaces  that  are  also  exposed  to  erosion  a  lumpy,  wart}". 
irked  api^earance  is  produced,  which  gave  rise  to  the  name  •'varioloid 

*  as  applied  to  ophitic  melaphyres  (plate  71). 


1  Survey  of  Michigan,  vol.  ?i,  part  1,  pp.  51,  227;  Jounuil  of  Geologr. 
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(5)  Where  weathering  goes  on  faster  than  erosion,  the  rock  is  often  brolsen 
down  into  a  coarse  gravel,  each  grain  of  which  is  lilsely  to  be  a  single  augite 
crystal. 

(6)  The  thin-section  (figure  3,  plate  70)  shows  the  texture  plainly,  and 
bow  it  is  produced  by  the  fact  that  the  augite,  while  readily  enveloping  the 
labradorite,  crowds  ahead  of  it  the  corroded  remnants  of  the  olivine  (at 
whose  expense  it  is  formed)  as' well  as  the  iron  oxide. 

• 
The  following  paper  was  then  read  by  title : 

OCCURRENCE  OF  DIAMONDS  IN  NORTH  AMERICA 

BY  GEORGE  F.   KUI9Z 

The  following  paper  was  then  read : 

SILVER-OOLD  ORES  AT  SAN  PEDRO  DE  QVANACEVI,  DURANOO,  MEXICO 

BY  FBEDEBICK  B.  PECK 

The  following  paper  was  then  read  by  title  and  transferred  with  per- 
mission of  the  author  to  Section  E,  American  Association  for  the  Ad- 
vancement of  Science,  and  read  .there  December  31. 

PERSPECTIVE  VIEW  OF  THE  SUBMARINE  CANYON  OF  THE  HUDSON  RIVER 

BY   J.    W.    SPENCEB 

The  following  papers  were  read  by  title : 

TITANIFEROUS  BASALTS  OF  THE  WESTERN  MEDITERRANEAN 

BY  H.  8.  WASHINGTON 

THE  PALEOZOIC  SECTION  OF  THE  UPPER  YUKON 
BY  A.    H.   BROOKS  AND  E.   M.   f^INDLE 

STRATIQRAPHIC  SUCCESSION  NORTH  OF  COOK  INLET,  ALASKA 
BY  SIDNEY  PAIGE  AND  ADOI^H  KNOPP  * 

This  paper  appears  as  pages  325-332  of  this  volume. 

SEISMOLOQICAL  OBSERVATIONS  OF  THE  UNITED  STATES 

BY    H.    F.    REID 

The  following  paper  was  read  by  title  and  was  transferred  with  per- 


*  Introduced  by  A.  H.  Brooks. 
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mission  of  the  author  to  Section  E,  American  Association  for  the  Ad- 
vancement of  Science,  where  it  was  read  December  31,  1906 : 

CHARLES    WILLBOy    PEALE'S    PAINTiyQ,    "THE    EXHUMING    OF    THE    FIRST 

AMERICAN  MASTODON" 

BY  ARTHUR  BARNE\T:LD  BIBDINS 

Charles  Willson  Pe^le,  who  was  bom  In  Queen  Anne  county,  Maryland,  in 
1741,  and  who  became  known  as  **The  Artist  of  the  Revolution,"  was  one 
of  the  pioneers — ^perhaps"  the  Nestor— of  American  vertebrate  i>aleontolojry. 
Although  very  few  of  his  scores  of  paintings  relate  to  this  subject,  one  which 
has  lately  come  to  the  writer's  notice,  with  the  correspondence  by  the  Peales 
and  others  relating  to  the  subject  of  the  painting,  clearly  demonstratee  tlie 
artist's  keen,  intelligent  and  practical  Interest  in.  this  direction — the  ni05«t 
advanced  of  his  time  in  this  country. 

The  canvas  measures  5  by  6  feet  and  is  known  as  '"The  Exhuming  of  the 
First  American  Mastodon."     It  is  signed  *'C.  W.  Peale"  and  dated  1806. 

The  scene  portrays  the  unearthing  of  the  first  of  the  two  mastodons  which 
the  artist  obtained  near  Newburg-on-the-Hudson  In  1801.  and  which  were  tlie 
first  approximately  complete  skeletons  found  In  this  country.  This  century-old 
picture  has  recently  been  brought  to  scientific  notice,  since  It  has  come  into 
the  possession  of  the  family  of  one  of  the  artist's  lineal,  descendants,  by  whoff*» 
kind  i)ermlsslon  this  reproduction  of  the  painting  is  shown. 

The  canvas  is  well  preserved  and  Its  detail  clear  and  distinct.  The  artist 
is  represented  as  personally  supervising  the  excavation.  Members  of  hif^ 
family,  including  his  wife.  Rembrandt  arid'  his  wife,  Titian  and  James  Peale. 
and  several  scientific  worthies  of  the  day.  are  in  attendance,  and  the  whole 
countryside  is,  as  will  be  seen,  astir  with  the  unwonted  activity  in  tlieir 
midst. 

Rembrandt  Peale,  the  no  less  celebrated  son  of  the  elder  Peale.  has  left  a 
very  graphic  account  of  the  labors  attending  the  excavation.  This  rare  little 
pamphlet  was  written  in  London  in  1803,  while  the  incidents  were  vividly  in 
mind.  A  copy  of  it.  was  brought  to  my  notice  at  the  Maryland  Historuiil 
Society,  in  Baltimore,  and  I  have  been  much  gratified  to  find  yet  anotlter 
copy  here,  in  the  library  of  the  American  Museum  of  Natural  History,  which 
has  been  kindly  loaned  me  for  this  occasion.  I  will  refer  to  a  few  paragraphs 
from  it. 

According  to  Rembrandt  Peale's  accoinit.  his  father  had  received  word  U\ 
the  spring  of  1801  that  in  the  previous  autumn  an  old  farmer,  in  digging  int«> 
a  marl  pit  in  the  vicinity  of  Newburg,  had  discovered  a  number  of  gigantic 
bones,  which  he  heaped  on  the  floor  of  his  granary  or  garret. 

The  thigh  bone.  3  feet  9  inches  in  length,  was  first  discovered,  and  f*»r 
several  succeeding  days  100  men  were  encouraged  by  the  physicians  in  the 
neigh1)orhood  to  continue  their  efforts  with  very  considerable  success. 

By  the  use  of  "nun"  in  too  great  abundance,  however,  the  men  be<«ax»** 
unruly  and  impatient  and  nearly  destroye<i  the  skeleton,  and  by  using  oxen 
and  chains  to  drag  the  bones  forth  from  the  clay  or  marl,  the  head,  hips,  ainl 
tusks  were  much  broken  and  many  parts  left  behind.     So  great  a  quantity 
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of  water  from  copious  springs,  bursting  from  the  bottom,  rose  upon  the  men 
that  it  required  several  score  of  bunds  *'to  lade  it  out  with  millv-pails,  buckets, 
rtiul  bowls."  After  the  fourth  day  the  attempt  was  given  up,  and  it  was  in 
tliis  condition  when  Peale  arriveil  upon  the  scene.  In  1801.  Peale  purchased 
the  excavated  bones  from  the  farmer  for  a  small  sum.  reenforced  by  the  judi- 
fious  gift  of  gowns  to  his  wife  and  daughter  and  a  gun  to  his  son. 

All  necessary  articles  for  the  excavation  had  been  provided  from  New 
York — ^i>umps.  ropes,  pulleys,  etcetera — and  after  weeks  of  close  lalwr,  a  mill- 
wright fashioned  the  machineiy  and  completed  a  large  scaffold  and  a  wheel 
2<)  feet  in  diameter,  wide  enough  for  three  or  four  men  to  walk  abreast  In. 
to  supply  tread  power.  A  rope  around  this  turned  a  spindle,  which  worked  a 
chain  of  buckets.  The  water  was  raised  and  emptied  Into  a  trough  and  con- 
veyed into  a  basin  a  short  distance  away.  A  ship's  pump  assisted  the  work, 
and  later  a  pair  of  barrels,  raised  by  a  crane,  removed  the  mud. 

Several  weeks  of  imremitting  work,  during  which  bank  after  bank  fell  in, 
resulted  in  the  discovery  of  but  a  few  additional  bones,  while  the  25  hands 
which  Peale  employed  at  high  wages  were  kept  at  their  task  partly  by  their 
entremess  to  uncover  the  head  and  under  jaw. 

Finally  the  work  was  relinquished,  but  again  taken  up  20  miles  west  of  the 
Hudson,  where  the  particular  lx>nes  desired  were  found  in  another  mastodon, 
together  with  others  sufficient  to  fashion  two  skeletons.  One  was  exhibited 
in  Peale's  museum,  which  he  had  recently  opened  in  Philadelphia  and  where 
he  gave  lectures  upon  natural  history.  Family  tradition  recites  that  after 
the  skeleton  was  mounted  In  the  Philadelphia  museum  a  celebration  and 
dinner  were  given  beneath  it. 

The  other  was  exhibited  l)y  his  son  Rembrandt  In  Baltimore  and  became 
the  nucleus  of  the  "Peale  museum"  there,  which  he  erected  and  which  bears 
uiwn  its  front  to  this  day  the  faded  legend : 

"Erected  by  Rembrandt  Peale, 

"Baltimore  Museum,  1S17-1830 

"City    Hall.    1830" 

Both  the  Philadelphia  and  the  Balthnore  museums,  the  former  started  in 
1802  and  the  latter  alwut  1813.  ap|>ear  to  have  resulted  from  the  Newburg 
finds ;  and.  since  these  were  the  first  public  natural  history  museums  In 
America,  must  we  not  credit  the  Peales  as  well  with  the  nestorship  of  American 
public  museums? 

The  scope  of  their  Interest  along  this  line  Is  suggested  by  another  family 
tradition.*  which  relates  that  while  the  elder  Peale  and  Baron  von  Humboldt 
were  being  entertained  at  a  formal  "three  o'clock  dinner"  by  President  Monroe, 
the  guests  Improved  this  opi>ortiniity  by  asking  tlie  President  to  try  to  Induce 
Pongress  to  establish  a  National  museum,  and  tliat  Peale  returned  from  the 
interview  much  elated  by  the  belief  that  some  action  would  shortly  l>e  taken. 

Tradition  also  adds  that  Peale  was  first  lnduce<l  to  undertake  tlie  exhuming 
of  the  mastodon  by  Von  Humboldt,  wlio  had  visited  tliis  country  l>efore  and 
been  entertained  by  the  artist. 


•  This  Is  stated  In  C.  W.  Pealo's  diary,  not  tradition. 
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Of  the  find  itiielf.  Dr  John  C.  Warmu  the  Xew  Kngiand  anthor  of  a  oiooo- 
graph  on  the  mastodon,  said  in  1^2  that  nbere  iMobably  nerer  has  been  a  di*- 
corery  in  iveience  which  excited  more  intense  interest."  He  relates  that  Peale*« 
mastodons  were  at  that  time  the  greatest  curiosities  in  natural  history  in 
America,  and  rirtnally  credits  the  artist  with  the  awakening  in  this  coantrr 
of  tlie  first  genuine  intereKt  in  Tertebrate  paleontology. 

Of  considerable  interesit  in  connection  with  this  painting  is  a  letter  writer 
by  Peale.  just  after  its  completion,  to  the  celebrated  Benjamin  West,  whose 
early  pupil  he  had  been.  It  appears  in  the  Pennsylvania  Magazine  of  History 
and  Biography,  volume  ix.  1885,  pages  130-132L 

I  quote  a  single  paragraph : 

^Philadelphia*  Decrmber  16.  ISOl. 

**DeAB  8i«:  ....... 

'^Desiring  to  represent  the  scene  of  getting  up  the  Mammoth  bones.  It  U^intr 
a  very  interetcting  article  of  the  museum,  last  summer  I  undertook  a  pii-tnre 
of  it  This  picture  contains  a  great  number  of  figures,  for  while  I  was  engaged 
in  that  labour  my  exertions  excited  the  admiration  of  all  the  people  for  a 
considerable  distance  round  that  country;  few  people  could  conceive  why 
I  should  incur  so  much  expense  to  get  the  bones.  Although  I  have  introduced 
upwards  of  .10  figures,  yet  the  number  of  spectators  in  fine  weather  amounted 
to  hundreds.  Eighteen  of  my  figures  are  portraits,  having  taken  advantaipe 
of  taking  most  of  this  number  of  my  family.  I  have  introduced  my  paintinz^ 
this  picture  in  order  to  state  to  you  that  I  still  doubted  my  ability  of  making 
a  tolerable  picture,  and  at  the  commencement  of  it  I  made  use  of  a  temporary 
easel  and  other  apparatus  for  painting;  however,  as  I  advanced  in  the  work 
it  seemed  to  engross  my  whole  attention,  and  I  really  took  pleasure  in  paint- 
ing from  mom  till  night  and  even  to  use  lamplight  I  then  ordered  the  cabi- 
net-maker to  make  me  a  commodious  mahogany  easel,  &c.;  so  instead  of 
burning  my  pencils  and  totally  quitting  the  art  as  I  thought  very  probably 
would  be  the  case.  I  found  it  much  less  diflicult  than  I  imagined  and  have 
ever  since  regretted  that  I  had  not  taken  a  larger  canvas  and  devoted  more 
time  to  give  a  higher  finish  to  the  piece.  I  often  say  that  the  aged  ought  not  to 
be  discourage<l  from  undertaking  works  of  improvement    .    .    . 

**Make  my  most  respectful  compliments  to  Mrs.  West,  and  believe  me  with 
great  esteem,  your  friend. 

**C.    W.    PEALt 

"Mr.  Benjamin  West, 

London.** 

The  painting  is  at  i^resent  in  the  custody  of  the  Woman's  College  of  Balti- 
more, to  wbi(*h  it  was  loaned  by  Mrs.-  Harry  White,  of  Massachusetts,  and 
where  Its  centenary  unveiling  will  shortlj'  occur. 

HELATIOXS   OF  THE  ITHACA   AND   CHEMUXG  FAUyAS  OF   WEBTBRS 

MARTLAXD 

BY  C.   K.   SWABTZ 

This  paper  was  transferred  with  the  author's  consent  to  Section  E, 
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xVmerican  Association  for  the  Advancement  of  Science,  and  read  there  at 
the  session  of  December  31,  1906. 

The  section  adjourned  to  the  room  occupied  by  the  second  section, 
where  papers  were  still  being  read. 

The  second  section  met  at  2.15  o'clock  p  m  and  reorganized  by  electing 
A.  P.  Coleman  chairman  and  Collier  Cobb  secretary.  The  stratigraphic 
papers  on  the  program  were  taken  up. 

The  first  paper  was  read  by  title : 

DISCOVERY  OF  CAMBRIAN  ROCKS  IN  SOUTHEASTERN  CALIFORNIA 

BY   N.    H.   DABTON 

The  next  paper  was 

LIMESTONES  OF  WESTCHESTER  AND  PUTNAM  COUNTIES^  NEW  YORK 

BY    CHABLES    P.    BEBKEY 

The  following  paper  was  then  read : 

OALENA  SERIES 
BY  FREDEBICK  W.  SABDESON 

This  paper  forms  pages  179-194  of  this  volume. 
The  following  papers  were  read : 

AGE  AND  STRATIGRAPHIC  RELATIONS  OF  THE  CHATTANOOGA  BLACK  SHALB 

BY  AMAUEUS  W.  GBABAU 

THE  MEDINA   SANDSTONE  PROBLEM 
BY  AMADEU8  W.  OBABAU 

PALEOGEOQRAPHY  OF  THE  AMERICAN  DEVONJC 
BY   CHABLES    SCHUCHEBT 

Illustrated  by  a  series  of  seven  lantern  slides. 
The  following  paper  was  then  read  by  title : 

CARBONIFEROUS  OF  THE  APPALACHIAN  BASIN 
BY   JOHN    J.    STEVENSON 

The  full  paper  has  been  printed  as  pages  29-178  of  this  volume. 
.The  following  papers  were  read  by  title : 

LV — Bill.  Oeol.  Soc.  A.m.,  Vol.  IS.  1000 
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8TRVCTURB  OF  THE  DEEP  BITER  TRIA88IC 

BT  COLLIEB  COBB 

RED  BEDS  OP  OKLAHOMA  AXD  ADJACBST  STATES 
BY  CHABIXS  XCWTOK  GOULD 

8TBUCTVBE  AXD   CORRELATIOX  OF  XEWARK  TRAP  ROCKS  OF  XEW  ,/£/?.<£)* 

BY  J.  TOLXEY   LEWIS 

This  paper  has  been'  printed  as  pages  195-210  of  this  volume. 

SOME  RESULTS  FROM  THE  STUDY  OF  THE  CAMBRIAX  BRACHIOPODA 

BY  CHARLES   D.    WALCOTT 

The  paper,  which  was  an  informal  explanation  of  the  results  obtaintJ 
in  the  preparation  of  a  monograph  on  the  Cambrian  Brachiopoda,  was 
illustrated  bj  eighty  of  the  plates,  combined  on  twenty  lantern  slidtr^. 
presenting  the  leading  characteristics  of  the  Cambrian  Brachiopoda. 

The  next  paper  was  read  by  title : 

CRTPTOZOAX:  GEXERA,  SPECIES,  RELATI0X8HIPS 

BY   HENRY   M.   8EELY 

CRUSTACEAX  FAUXA  OF  THE  SHAWAXOUXK  GRIT  IX  EASTERN  XEW  YORK 

BY  JOHN    M.   CLARKE 

ADDITIONAL   FOOTPRIXTS   FROM  THE   CARBOXIFBROUS  SHALES   OF 

MASSACHUSETTS 

BY  J.   B.   WOODWORTH 

The  reading  of  papers  was  declared  finished. 

RESOLUTION  AS  TO  DIVISION  OF  MEETINGS  INTO  SECTIONS 

It  was  moved  that  the  Council  be  requested  to  consider  the  question  ^f 
dividing  each  meeting  into  three  sections  for  the  reading  of  papers,  con- 
sideration being  had  of  the  number  and  character  of  communications 
presented  in  the  several  branches  of  geologic  science. 

After  discussion  by  A.  W.  Grabau,  F.  W.  Sardeson,  A.  F.  Foerste.  and 
J.  F.  Kemp,  the  motion  was  passed. 

Hearty  votes  of  thanks  were  passed  with  reference  to  the  hospitality 
offered  the  Society  and  the  arrangements  made  for  its  meeting  by  Colum- 
bia University,  the  American  ^Museum  of  Xatural  History,  and  the  local 
committee. 

The  Society  then  adjourned. 
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Seoister  of  THE  Xew  York  Meeting,  1906 
The  following  Fellows  were  in  attendance  at  the  meeting : 


F.  A.  Adams. 
H.  M.  Ami. 
B.  Arnold. 
H.  F.  Bain. 
K.  M.  Bagg. 
J.  Barrell. 

G.  H.  Barton. 
F.  Bascom. 

B.  Bell. 

C.  P.  Berkey. 
A.  Bibbins. 

A.  P.  Brigham. 

B.  W.  Brock. 
A.  H.  Brooks. 
E.  B.  Buckley. 
S.  Calvin. 

H.  D.  Campbell. 
W.  B.  Clark. 
J.  M.  Clarke. 
J.  M.  Clements. 

C.  Cobb. 

A.  P.  Coleman. 
\V.  0.  Crosby. 
W.  Cross. 

H.    P.    CUSHING. 

W.  M.  Davis. 

J.  S.  Diller. 

B.  K.  Emerson. 

S.  F.  Emmons. 
H.  L.  Fairchild. 
X.  M.  Fenneman. 

A.    F.    FOERSTE. 

M.  L.  Fuller. 
A.  C.  Gill. 

C.  H.  Gordon. 
A.  W.  Grabau. 
H.  E.  Gregory. 

F.    P.    GUILLIVER. 


A.  Hague. 

C.   W.    K4YE8. 

A.  Heilprin. 

B.  B.  HiCE. 

B.  T.  Hill. 

C.  H.  Hitchcock. 
W.  H.  Hobbs. 

J.  A.  Holmes. 
T.  C.  Hopkins. 
E.  0.  Hovey. 
H.  C.  Hovey. 
E.  Howe. 
E.  E.  Howell. 
J.  P.  Iddings. 
B.  T.  Jackson. 
A.  A.  Julien. 
A.  Keith. 
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Session  of  the  Cordilleran  Section,  Friday,  December  28,  VM»^* 

The  eighth  annual  meeting  of  the  Cordilleran  Section  of  the  Society 
was  called  to  order  in  room  71,  Stanford  University,  California,  at  10.o<' 
a  m,  December  28,  1906,  by  the  Chairman  of  the  Section,  Professor  J.  C 
Branner. 

The  minutes  of  the  seventh  annual  meeting  were  read  and  approved. 

The  following  officers  were  elected  for  the  ensuing  year:  A.  C.  Lawj^on. 
Chairman;  George  D.  Louderback,  Secretary,  and  G.  K.  Gilbert,  Coun- 
cillor. 
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The  scientific  program  was  then  taken  up  and  the  following  papers 
were  presented  and  discussed : 

NOTES  ON  THE  STRUCTURE  OF  THE  SANTA  CRUZ  RANOE,  CALIFORNIA 

BY  J.  F.  NEWSOM 

[Abstract] 

The  major  fault  lines  of  the  range  have  northwest-southeast  directions  vary- 
ing from  north  20**  west  to  north  45®  west.  Various  movements  have  occurred 
along  the  major  fault  lines.  Movement  along  some  of  the  major  lines  has 
probably  been  to  some  extent  lateral. 

A  secondary  system  of  faults  lying  at  angles  of  from  north  60°  west  to 
north  75°  west  also  occurs.  These  are  reversed  faults  and  are  parallel  with 
the  principal  a^es  of  folding  in  the  range. 

The  folds  and  secondary  faults  were  probably  formed  by  lateral  movement 
and  consequent  crushing  along  the  major  fault  lines. 

NOTES  ON  THE  TOPOGRAPHY  OF  THE  SEWARD  PENINSULA,  ALASKA 

BY  J.   F.   NEWSOM 

[Abstract] 

The  accumulation  of  ice,  with  its  protective  influence,  has  been  an  important 
factor  in  forming  the  rounded  dome-like  topography  of  the  Seward  peninsula. 
The  protecftive  influence  of  moss  is  also  an  imiwrtant  factor.  In  many  places 
where  small  spots  are  free  from  moss,  but  surrounded  by  it,  hogwallows  are 
formed.  Considerable  hillocks  are  occasionally  developed  in  old  filled  ix)nd 
basins  by  the  squeezing  action  of  the  freezing  sands  and  gravels  pushing  up 
the  unfrozen  materials  from  below. 

OCCURRENCE  OF  MIDDLE  TERTIARY  MAMMAL-BEARING  BEDS  IN  NORTH- 
WESTERN NE VA DA 

BY  JOHN  C.   MEBRIAM 

This  paper  was  published  in  Science,  new  series,  volume  xxvi,  1907, 
pages  ;380-382. 

The  meeting  then  adjourned  for  the  noon  recess. 

The  afternoon  session  began  at  2.00  p  m  and  the  first  paper  was  road 
by  title : 

NOTES  ON  SOME  CALIFORNIA  MINERALS 
BY  AUSTIN  F.  ROGERS 

The  following  papers  were  tlien  read  and  discussed : 

TRANSPORTATION  OF  DETRITUS  BY  YUBA  RIVER* 

BY  G.   K.  GILBERT 

[Abstract] 

III  the  process  by  which  running  water  transi)orts  detritus  two  factors  are 
distinguished.     The  larger  particles  are  rolled  along  the  bottom,  or  else  lifted 


•  Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 
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im^nM-nUiiilj'.  w>  n*  to  make  fiboit  le«ps ;  they  constitute  tbe  bottom  iom^.  TL*f 
tenia] ler  are  lifted  far  from  the  bottom,  are  suKtained  for  loos  period*,  and  arv 
distributed  tbrou^b  tbe  whole  body  of  tbe  current:  tbey  coostitnte  tbe  •**- 
pp tided  load.  Tbe  elaiwification  of  load  in  eacb  partiealar  caive  dcftend^ 
fhiefly  on  relor-ity  of  current;  a  relatlTely  swift  stream  will  incfude  in  it^ 
HUHpended  load  relatlTely  coarse  detritim. 

Many  determinations  bare  been  made  of  tbe  suspended  load  of  streamsw  tlt^ 
metbod  including  (1 )  tbe  measurement  of  tbe  total  quantity  of  water,  and  •  2  • 
tbe  measurement  of  tbe  ratio  of  load  to  water  in  samples  taken  from  tb^ 
stream.  Tbe  determination  of  tbe  bottom  load  is  comparatiTely  difficu!!.  aij«l 
there  is  mucb  need  of  information  as  to  its  relatire  and  absolute  amount. 
Tbe  writer  bas  taken  adrantai^e  of  an  unusually  faTorable  opportunity  tu 
measure  tbe  bottom  load  of  tbe  Tuba  river,  one  of  tbe  tributaries  of  tbe  Sat-n- 
mento  river  in  California. 

Tbe  river  issues  from  a  mountain  gor^e  at  tbe  Smartsville  narrows^  ainl 
thence  to  its  moutb.  a  distance  of  20  miles,  traverses  a  valley.  In  conseQaefi«v 
of  a  special  rt>ndition  brought  alK>ut  by  bydraulic  mining,  it  is  now  aggradiii:! 
its  channel  in  this  part  of  its  course.  Tbe  growing  deposit  is  of  coan«e  grave! 
near  tlie  narrows,  and  of  sand  near  tlie  mouth,  with  gradual  transition.  Thir- 
ing  high  floods  the  susfiended  load  near  tbe  mouth  of  the  river  includes  <ilt 
only;  near  the  narrows  it  probably  includes  sand  also,  and  possibly  some  small 
gravel. 

In  tbe  summer  of  11KU  a  dam  6  feet  high  was  built  at  a  point  5  miles  below 
tbe  narrows,  where  the  channel  is  1,500  feet  wide:  and  tbe  basin  created  hy 
this  dam  was  filled  with  detritus  by  tbe  floods  of  tbe  following  winter  and 
faring.  In  the  summer  of  11105  an  addition  was  made  to  tbe  dam.  increasing 
its  height  8  feet,  and  during  the  construction  of  this  addition  a  contour  mnp 
of  the  channel  above  the  dam  was  made  by  the  U.  S.  Geological  Survey.  Tbe 
river  remained  low  and  the  water  dear  until  tbe  following  January,  when  a 
large  flood  occurred,  lasting  about  one  week.  After  the  flood  bad  pa»«d  tbe 
diannel  was  resurveyed,  and  tbe  two  maps  were  afterward  used  to  determine- 
the  quantity  of  detritus  arrested.  Tbe  character  of  tbe  material  deposited 
was  investigated  by  weans  of  pits  and  borings  in  tbe  summer  of  1906.  Ehmns 
tbe  flood  the  river  was  gaged  to  determine  its  discharge,  and  at  the  time  of 
flood  maximum  the  water  was  thoroughly  sampled  near  the  river  mouth  to 
determine  the  percentage  of  suspended  load. 

The  discussion  of  the  data  thus  obtained  is  not  yet  complete,  but  certain 
results  of  geologic  bearing  may  be  given  at  this  time.  All  of  the  figuiw  are 
approximate  and  subject  to  correction.  The  detritus  which  passed  tbe  month 
of  the  canyon  during  the  flood  of  January,  1006,  would  cover  a  square  mile  to 
a  di'pth  of  alKJUt  17  inches.  The  ratios  of  its  chief  components  were:  Silt,  24 : 
sand,  24:  gnivel,  52.  In  this  statement  whatever  sand  was  deposited  in  tbe 
IntorMtlces  of  the  gravel  Ih  arf-otinted  with  the  gravel;  by  transferring  It  t«> 
the  sand  category  the  ratloH  are  changed  to:  Silt,  24;  sand.  Mi  graveL  42. 
.Near  tbe  river  mouth,  where  the  suspended  load  consisted  of  silt  and  the  l¥>t- 
toin  load  of  wind,  the  ratio  of  iiottom  load  to  suspended  load  was  about  1 :  1. 
NV»ar  tbe  narrows,  if  tbe  silt  only  be  accounted  as  suspended  load,  its  ratio  to 
tbe  i)ottom  load  was  as  1:3:  but  if,  as  is  probable,  the  sand  also  sboald  W 
cbiHHcd  with  tbe  Kusi)eii(le<l  load,  tbe  ratio  Is  alwut  1: 1. 
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A  report  on  the  subject  is  in  preparation  and  will  be  published  by  the  U.  S. 
Geological  Survey. 

CROCIDOLJTE'BEARiyQ  ROCKS  OF  THE  CALIFORNIA  COAST  RANOBS 
BY  GEOBOE  D.  IjOUDEBBACK  AND  WM.  J.  SHABWOOD 

[Ahatracti 

Although  in  no  great  quantity  in  any  one  place,  crocidolite-bearing  rocks 
have  been  found  to  be  rather  widely  distributed  in  the  Coast  ranges  of  Cali- 
fornia. They  may  be  classed  as  crocidolite-bearing  cherts  or  quartzites  and 
croeidolitic  schists.  A  petrographical  description  was  given,  analysis  pre- 
sented, and  mode  of  occurrence  described.  Evidence  was  offered  that  many 
if  not  all  of  the  rocks  are  derived  from  radiolarian  cherts,  and  that  they  are 
formed  by  the  introduction  of  soda  into  the  rock  by  solution. 

PRIMITIVE   CHARACTERS  OF  AMERICAN   TRIASSIC  ICHTHT0BAVR8 

BY  JOHN  C.  MEBBIAM 

[Ahatrfict] 

The  following  characters  generally  appearing  in  the  Triassic  Ichthyosauria 
may  be  considered  as  survivals  of  characteristics  of  ancestral  shore  forms. 
Where  the  term  "relatively"  has  been  used  the  unexpressed  comparison  is  with 
the  Jurassic  ichtbyosaurs. 

1.  Limbs  relatively  large  and  first  two  segments  relatively  long. 

2.  Hind  limbs  relatively  large. 

3.  Epipodial,  metapodial,  and  phalangeal  elements  often  elongated  and  with 
shafted  median  region. 

4.  Number  of  phalanges  in  each  digit  relatively  small. 

5.  Number  of  digits  not  increased  beyond  five. 

G.  Pelvic  elements  relatively  heavy;  inferior  elements  much  expanded; 
ischium  and  pubis  not  fused. 

7.  Skull  generally  relatively  short  compared  with  the  length  of  the  trunk 
region. 

8.  Jaws  relatively  short. 

9.  Maxillaries  relatively  long  and  premaxlllaries  relatively  short 

10.  Orbits  relatively  small  in  the  earliest  forms. 

11.  Vertebral  centra  averaging  relatively  long. 

12.  Anterior  cervical  vertebrae  not  fused. 

13.  Neural  spines  of  vertebne  relatively  thick. 

14.  Zygapophysial  facets  of  upper  arches  in  the  anterior  portion  of  the 
vertebral  column  not  united  or  brought  into  the  same  plane. 

15.  Caudal  intercentra  large  and  united  ventrally  to  form  large  Y-shaped 
chevrons. 

FAIXA   OF  THE  ASPHALT  BEDS  EXPOSED   NEAR  LOS  ANGELES,  CALIFORNIA 

BY  JOHN  C.   MEBBIAM 

Tliis  paper  was  published  in  Science,  new  series,  volume  xxiv,  1906, 
pp.   248-250. 
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ORlGiy  OF  801TH  AMERFCAX  BEARS 
BY  JOHy  C.   MEBSIAM 

[Abittract] 

Tlie  Hiieetacle  lieair  of  South  Americsi  represent  a  type  known  onljr  from  the 
westeni  bemiK[»here.  ItJi  nearest  allies*  are  found  in  genus  ArrtotheriMm.  o«-<:-ur- 
rinj?  in  the  Quaternary  of  North  and  South  Anieric-a.  Two  views  have  \n^:t 
expressed  i-inwemluf^  the  origin  of  this  tyiie.  The  most  nearly  related  form^ 
are  probably  Asiatic 

The  next  three  papers  were  read  hy  title. 

RECOXS'A/SHAXCE  OF  A  RECESTLY  DISCOVERED  QCATERXART  CAVE  DEPOitn 

XEAR  AlBlRy,  C  ALIFORM  A 

BY  E.  L-   rURLDTfC* 

Thi?  paj)er  was  piihlished  in  Science,  new  series,  volume  xxv.  Mardi. 
190T,  pagf^s  392-3114. 

PHYSrOORAPHIC    CHA\GES    BEARISG    OS    THE    FAISAL    RELATIO\SHlPS    OF 
THE   RIKHLIS  A\D  SACRAIiEXTO  RIVERS,  CALIFORSIA 

BY  RIUFF  8.    HOLWAYt 

This  paper  was  published  in  Science,  new  series,  volume  xxvi,  S<'ptt*iii- 
l)er,  1J)()T,  pages  382-3S3. 

SA\  PABLO  FORMAT  10 \  OF  MIDDLE  CALIFORSIA 

BY   CHAS.   E.   WEAVES* 

Tlie  last  paper  of  the  day  read  and  discussed  was 

TWO   MOl  STAIS  RASGES  OF  t^OlTHERS  CALIFORSIA 

BY   W.   C.   MEXDEXHALL 

I  Abstract] 

The  Snn  (val)rlel  and  tlie  San  Bernardino  ranges  are  adjacent  nionntaiu 
niasHes^  H*»parated  only  by  (.'ajon  pass,  and  holding  identical  relations  to  tlif 
valley  of  southern  California,  and  to  the  MojaA'e  desert,  lying  to  the  north  and 
east  of  it.  They  also  are  similarly  related  to  the  principal  fault  luies  of  thi^ 
part  of  California,  each  of  them  l>eiug  iMmnded  along  its  southern  margin  by  n 
major  fracture,  and  one  of  them,  the  San  Gabriel,  certainly  tieing  limited  in  a 
similar  way  along  its  northern  base,  while  less  definite  evidence  indicates  th,*it 
tlie  San  Henuinlino  range  is  relate<l  in  the  same  way  to  the  desert  lowlainl. 
Little  is  known  of  the  g(H)logy  of  the  interior  of  the  two  ranges,  but  that  linl»* 
indicates  that  in  a  t>road  way  they  contain  similar  masses  of  rocks,  whit-li 
probably  dlfTer  but  little  in  their  ability  to  resist  the  attacks  of  en^siounl 
agents. 


•  lntrodiH*p<l  li.v  J.  ('.  Merrlam. 

t  Introduced  by  Cleorge  I).  Londerbaek. 
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The  similarities,  however,  disappear  when  the  land  forms  are  examined. 
The  San  Gabriel  range  has  been  completely  dissected,  resulting  in  tu^roui^niy 
graded  streams,  sharp  peaks,  and  knife-like  ridges  of  discordant  heightH.  >o 
level  areas  at  or  near  the  summits,  nor  in  the  valley  bottoms,  exist  within  the 
mountain  mass.  The  San  Bernardino  range  contrasts  sharply  with  its  neigh- 
bor in  these  respects.  Throughout  its  western  end  there  is  a  strikingly  level 
sky-line  at  an  elevation  of  5,000  feet  or  more.  It  contains  many  broad 
meadows,  with  lakes  and  playas,  separated  by  smooth  ridges.  The  toiwgraphy 
of  the  central  part  is,  in  brief,  toiJography  of  an  old,  well  reducetl  type.  About 
its  i)eripherj%  however,  toiwgraphic  forms  are  strikingly  new.  Several  of  the 
streams  are  not  reduc*ed  to  grade ;  they  meander  through  broad  uplands  in  the 
central  part  of  the  range,  then  plunge  over  falls  into  steep  canyons,  which 
they  follow  to  the  valleys  that  border  the  ranges. 

For  these  striking  topographic  differences  there  seems  to  be  no  adequate 
exi>lanation  in  the  rock  types,  in  the  relative  masses  of  the  ranges,  in  their 
relation  to  major  drainage  lines,  nor  in  their  relation  to  precipitation.  It  is 
concluded,  therefore,  that  since  each  is  a  faulted,  uplifted  block,  the  San  Ber- 
nardino mass,  in  which  old  topographic  forms  are  well  preserved,  is  much  later 
in  origin  than  its  neighbor,  the  San  Gabriel  range,  in  which  none  of  these  old 
forms  are  now  to  be  found. 

The  Section  then  adjourned  for  the  day. 

Session  of  the  Cordilleran  Section.  Saturday,  December  29,  190G 

The  meeting  was  called  to  order  at  9.15  a  m  by  the  Chairman,  and 
proceeded  immediately  to  the  reading  and  discussion  of  papers  presented, 
as  follows: 

RKLATIOX  OF  THE  LOSi  A\OELES-OWE\8   RIVER  AQVEDICT  TO   THE  FAVLT 

USES  OF  JXYO  AXD  SAS  BERSARDIXO  COi-XTIES 

BY  J.  C.   BRANNER 

X0TE8  OX  THE  GEOLOGY  OF  THE  MOIXT  HA.MILTOX  QlAliRAXGLE 
BY   JOIIX   F.   NEWSOM    AND  RODERIC   CRANDALL 

[Abstract] 

Discussion  of  the  geological  terranes  present, .  their  distribution  and  rela- 
tion.*; of  the  main  structural  features,  with  special  note  of  the  larger  faults 
and  direction  of  movement;  and  of  tlie  relations  of  structural  features  to  the 
topography. 

CRETACEOUS  STRATIGRAPHY  OF  THE  SAXTA  CLARA   VALLEY  REGIOX 

BY   RODERIC   CRANDAIJ.* 

[Abstract] 

The  fossils  from  the  Cretaceous  localities  are  listed  according  to  their  geo- 
graphic distribution.     Probabilities  of  the  presence  of  Horsetown  at   mount 


•  Introduced  by  J.  F.  Newsom. 


662  PROCEEDINGS   OF   THE   CORDILLERAN    SECTION 

Diablo  are  discussed.  The  presence  of  Horsetown  in  northern  California  and 
tbe  absence  in  southern  California  is  taken  as  proof  of  a  differential  land 
movement  on  the  west  coast  during  mid-Cretaceous  times. 

PHYSIOGRAPHIC  FEATURES  OF  80LTH  CE\TRAL  OREOOS 

BY  Q.  A.  WARING* 

[Abstract] 

This  paper  deals  with  the  region  forming  the  northwestern  end  of  the  Great 
basin.  The  basin  range  type  of  structure  described  by  Gilbert  and  Russell  is 
here  well  developed,  the  main  features  of  the  relief  being  the  fault-scarps  of 
the  tilted  monodinal  blocks.  These,  together  w'ith  their  associated  undrained 
basins,  now  o(»cupie<l  by  remnants  of  more  extensive  Quaternary  lakes,  and  tlM» 
peculiar  lack  of  well  defined  drainage  over  much  of  the  area  are  the  three  dis- 
tinctive [ihysiographic  features.  Low  folding  has  also  taken  place  and  has 
resulted  in  cei-tain  definite  topographic  effects.  In  addition  to  the  major 
scarps,  there  are  numerous  minor  scarps,  some  of  which  may  be  faults,  but 
others  of  which  have  evidently  been  produced  by  weathering  agencies.  The 
I'ock  masses  observed  within  the  region  are  representative  of  various  igneous 
effusive  series  exclusively.  Here  and  there  bosses  of  older  rocks  of  medium 
basicity  occur,  but  by  far  the  greater  part  of  the  area  is  floored  by  a  series  of 
sheets  of  basalt  and  associated  tuffs,  which  have  been  affected  by  the  struc- 
tures that  have  given  rise  to  the  striking  physiographic  features  of  tbe  region. 

The  next  paper  was  read  by  title : 

THE  METAMORPHIC  AXD  CRYBTALLiyE  ROCKS  OF  THE  BAJ^'TA  CRUZ 

MOUyTAINS 

BY   SOLON   SHEDD 

The  following  were  then  read  and  discussed : 

GENERAL  GEOLOGICAL  FEATURES  OF  THE  TRUCKEE  REGION  EAST  OF  THE 

SIERRA  NEVADA 

BY  OEOROE  D.  LOUDEBBACK 

[Abstract] 

Contents 

P«g* 

Area  described CS3 

Bedrock  complex   , 66:5 

The  great  unconformity 064 

The  Tertiary  lavas   664 

Andenl  ten    „ 6fH 

Rhyolltes    66."* 

BaRaIt»    ««;> 

DlHtribiition  of  tyi)e«    6fVi 

Tertiary  sediments    6»i:» 

Post-Tertiary  orogenlc  movements 6<U> 

Lake  Lahontan    fitls 
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•  Introduced  by  W.  C.  Mendenhall. 
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Abea  Described 

The  area  described  Includes  a  belt  lying  north  and  south  of  the  Truckee 
river  and  extending  from  the  main  east  front  of  the  Sierra  Nevada  Just  west 
of  Verdi,  Nevada,  to  the  Truckee-Carson  divide  near  Hazen.  The  chief  topo- 
graphic divisions,  passing  from  west  to  east,  are:  (1)  the  Slerran  fault  front; 
(2)  the  Verdi-Long  Valley  depression  at  its  base;  (3)  the  line  of  elevation 
represented  by  the  Carson  range  on  the  south  and  Peavine  mountain  and 
others  to  the  north;  (4)  the  depression  of  Spanish  Springs  valley,  Ti*uckee 
meadows,  Washoe  valley,  etc.;  (5)  the  Virginia  range;  (6)  the  depression  of 
Pyramid  lake,  the  lower  Truckee  valley,  etc.;  (7)  the  mountains  lying  between 
the  Truckee  and  Humboldt  regions.  (For  topography,  see  Sierraville,  Reno, 
Cai-son,  and  Wadsworth  sheets  of  the  United  States  Geological  Survey.) 

Bedrock  Compi^x 

The  Bedrock  complex  consists  chiefly  of  granitic  rocks,  largely  granites  (in 
I»art  granodiorites),  with  residual  masses  of  more  or  less  metamorphosed  sedi- 
lueutary  and  igneous  rocks  Into  which  they  were  intruded.  The  chief  sedi- 
mentary types  are,  perhaps,  quartzites  and  mica-schists,  including  muscovlte- 
schists.  A  petrographically  interesting  meta-dacite  is  found  at  Intervals  for 
at  least  12  or  15  miles  north  of  Reno.  Limestone  and  slate  are  occasionally 
found,  and  to  the  south,  near  Mound  House,  gypsum. 

The  Bedrock  complex  Is  found  in  the  Sierran  front,  in  Peavine  mountain, 
and  in  a  number  of  the  small  ranges  to  the  north  and  northeast  of  Reno,  and 
in  the  Carson  range  to  the  south.  Near  Steamboat  springs  both  sediments 
and  intrusions  have  been  mapped  and  described  by  Becker.* 

With  one  or  two  exceptions,  the  Bedrock  complex  is  exposed  only  west  of 
the  Virginia  range.  This  range  is  made  up  of  a  great  thickness  of  Tertiary 
igneous  material  which  has  so  deeply  buried  the  older  rocks  that  they  have 
not  yet  been  exposed  by  the  Truckee  river,  which  has  cut  a  canyon  directly 
across  the  range  over  2,(XX)  feet  deep.  The  pre-Tertlarles,  however,  rise  to  the 
surface  in  this  range  some  miles  south,  in  the  vicinity  of  Virginia  City.  The 
Marble  bluff  at  the  south  end  of  Pyramid  lake  Is  of  limestone,  presumably 
Triassic. 

Judging  from  a  comparison  between  the  Bedrock  complex  here  and  that  in 
the  Slerran  province  immediately  w^est,  the  Humboldt  region  to  the  east,  and 
certain  areas  to  the  south.  It  Is  probable  that  the  schists  are  Mesozolc,  possibly 
In  part  Paleozoic,  and  the  granitic  Intruslves  post-Jurassic.  There  Is  abso- 
lutely no  evidence  suggesting  the  Archean  age  of  the  rocks  of  the  Peavine 
Mountain  area,  although  like  several  areas  since  proved  Mesozolc,  It  was  so 
marked  by  the  Fortieth  Parallel  Survey  and  their  mapping  was  recently  copied 
on  the  map  of  Bulletin  208  of  the  United  States  Geological  Survey.  Until 
some  evidence  or  suggestive  line  of  reasoning  Indicates  Its  presence,  it  is  mis- 
leading to  map  any  areas  of  northwestern  Nevada  as  Archean.t 

The  chief  folding  of  the  Bedrock  complex  undoubtedly  took  place  at  the  time 
of  the  extensive  post-Jurassic  orogenlc  disturbances  that  affected  so  strongly 
the   regions  just  east  and  west  of  the  Truckee  country.    The  granites  have 


r 


•  V.  S.  Geological  Survey,  Monograph  xlli. 

t  Se^  also  Bull.  Geol.  Soc.  Am.,  vol.  15,  pp.  317,  .333,  340. 
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Iffffti  yftriiqted  of  their  rroveriDg  over  mieb  large  arms  that  the  axes  of  foklins 
are  iiot  generally  determinable,  bat  evidence  so  far  observed  consistently  points 
to  major  axe^  not  deijarting  many  degrees  from  north  and  south.  This  is  ia 
Imrtiiony  with  the  Mtructural  linen  of  the  pre-Tertiaries  of  adjoining  areas. 

The  great  r^coxroaifiTY 

After  the  folding  and  intrusion  of  the  Bedrock  complex  follows  a  long  periol 
of  erosion,  during  which  the  products  of  disintegration  and  det-ay  were  c;irried 
tieyond  the  borders  of  this  region  and  a  country  of  comitarativeljr  low  relief 
wsis  produ<-ed.  The  suc-ceeiling  rocks  are  freiiuently  deiiosited  on  a  plane 
granite  floor,  but  In  several  places  evidenc^e  of  granite  bills  is  obtainable. 
This  erosion  Interval  included  the  Cretaceous  and  lower  Tertiary. 

The  Tebtiaby  Lavas 

AXDCSITES 

The  most  abundant  and  varied  vol(*anics  of  the  region  are  andesites,  chiefly 
liombiende  andesites,  varying  at  one  extreme  to  augite  audesites.  sometimes  of 
Imsultic  texture  and  at  the  other  to  quartz-mica-homblende  audesites  with  well 
(IcvcIoikkI  phenocr>sts. 

Along  the  Carson  lilock  and  the  u|)i)er  Truckee  the  more  common  sequeni-t» 
is  cfjarse  audesitic  breccia  with  finer  ash  layers  lying  directly  on  the  granite 
and  cnpi)ed  by  hornblende  andesite  flows.  Audesites  also  occur  on  the  southern 
flank  of  Feavine  mountain  and  in  the  low  hills  north  and  south  of  Reno;  also 
in  great  abuudam-e  in  the  Virginia  range.  In  these  latter  areas  bretvia  is  only 
occjiHionnlly  present.  In  some  parts  of  the  Virginia  range  the  audesites  are 
auiygdaloldal,  and  tliey  often  show  the  propylitic  tjT>e  of  alteration,  especially 
near  Virginia  City  and  in  the  Olinghouse  Canyon  district. 

These  various  audesites  are  very  similar  to  and  are  practically  continuous 
witli  those  of  the  Sierra  Nevada  and  are  presumably  of  the  same  age — late 
Mioi'ene  or  early  Pliocene.  Although  the  most  abundant  of  the  volcanic  series 
of  tills  region  and  of  tlie  Sierra  Nevada,  evidences  of  craters  are  entirely 
lacking,  and  even  the  foci  of  erui)tIon  are  not  generally  evident.  On  the  upi>er 
sloiies  of  Pea  vine  mountain  tlie  granites  are  cut  by  a  number  of  dikes  identical  I 
llthologlcally  with  andesite  flows  lying  on  the  lower  sloi>es,  and  were  appar- 
ently loci  of  eruiitious  in  that  area. 

Tlie  audesites  have  often  suffered  alteration  by  solfataric  action  or  minenil- 
ization.  This  generally  oc<'urs  along  faults  which  have  l>een  seats  of  defKtsi- 
tion,  the  rising  waters  sometimes  (1)  impregnating  a  jsone  with  sulithides  and 
very  little  silica,  sometimes  (2)  with  silica  and  very  little  sulphides,  sonit^ 
times  (;^)  with  lK)th  well  develoiHjd.  Occasionally  calcite  gangue  is  fouu<l. 
In  the  first  case  the  mineralized  zone  may  now  api)ear  on  the  surface?  as  a  belt 
of  excessive  decomi)osltlon  showing  the  combined  effects  of  oxidation  and  sul- 
phuric add  (from  the  oxidized  sulphides)  action.  The  ground  is  soft  and 
easily  eroded,  is  bright  red  from  Iron  oxide,  or  leached  to  various  shades  with 
white  as  the  end  result.  Many  of  these  belts  carry  low  (at  present  non- 
commercial)  values  in  gold  and  silver,  but  occasionally  rather  high.  At  the 
Wedekind  mine  several  hundred  dollars  a  ton  in  silver  w^as  found  at  the  sur- 
face, due  to  secondary  concentration.  In  general  the  mo.«it  (amnion  original 
sulphide  Is  pyrite.  with  occasionally  galena  and  sometimes  sphalerite. 
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The  second  tyi)e  gives  rise  to  silicifled  zones,  which  weather  in  prominent 
reefs.  The  silica  occurs  partly  as  a  deposit  in  cracks  or  other  oi)en  spaces 
with  distinct  cnistiflcatiou  and  often  drusy  structures,  partly  as  a  cement 
between  the  crushed  fragments  and  particles  of  the  rock  and  partly  as  a  re- 
placement of  the  rock,  the  original  i)on>hyritic  structure  often  heing  visible  in 
the  silicified  product.  These  three  modes  of  deposition  are  commonly  found 
in  the  same  ledge.  Many  of  these  occur  in  low  hills  north  of  the  Truckee 
meadows. 

The  Olinghouse  Canyon  mines  are  in  fissured  (commonly  crushed  and 
sheeted)  zones  in  andesite  and  carry  gold  without  much  deposited  gangue  ma- 
terial. The  best  known  deposits  in  these  rocks  are  along  the  Comstock  lode  and 
need  not  here  be  described.    They  l)elong  to  the  third  type  mentioned  above. 

RHYOLITER 

The  rhyolites  (and  geologically  related  dacites)  «*cur  to  the  north  and 
northeast  of  Reno,  and  more  abundantly  in  the  Virginia  range,  where  they 
vary  from  vitreous,  sometimes  perlitic,  to  lithoidal,  often  iwrphyritlc,  and 
occur  both  as  lava  flows  and  dikes.  They  are  less  abundant  than  the  ande- 
sltes.  They  may  also  be  accompanied  by  mineralization  as  in  the  White 
Horse  district.  White  Horse  mountain  is  a  stock  of  rhyolite,  and  dikes  pass 
from  it  out  into  the  surrounding  andesltes.  Crood  values  have  been  found  in 
some  of  the  dikes.     Veins  in  rhyolite  also  occur  to  the  south  near  Gold  Hill. 

BASALTS 

The  latest  of  the  Tertiary  eruptions  are  basalts.  They  are  found  about 
Steamboat  springs,  along  the  summit  region  of  the  Virginia  range,  and  al>un- 
dantly  in  the  ranges  Just  east  of  this.  There  is  commonly  evidence  of  some 
deformation  before  the  outiK)uring  of  the  basalts. 

DISTRIBtrTION   OF  TYPES 

A  noteworthy  change  takes  place  in  the  character  of  the  predominant  types 
of  Tertiary  lavas  as  we  pass  from  west  to  east  across  the  Truckee  region.  In 
the  western  i)art  the  andesltes  occupy  the  field  almost  to  the  exclusion  of  other 
types.  In  the  central  part,  esi)eclally  in  the  Virginia  range,  we  get  the  greatest 
complex.  The  andesltes  show  the  greatest  mlnera logical  varieties,  and 
although  still  the  dominant  rock  type  they  are  accompanied  by  considerable 
(luantities  of  rhyolite  and  basalt.  To  the  east  of  the  Virginia  range  the  ande- 
sltes practically  disappear,  and  we  have  a  broad  area,  forming  the  eastern  edge 
of  the  Truckee  region,  but  lying  chiefly  in  the  Humboldt  region,  which  is  char- 
acterized by  a  great  thickness  of  rhyolite  flows  and  tuffs  overlain  by  caps  of 
basalt. 

Tertiary  Sediments 

The  Tertlarj'  sediments  are  entirely  freshwater  or  subaerlal.  The  greatest 
I)art  has  been  Included  under  the  title  Truckee  beds.  The  type  locality  Is  the 
Kawsoh  mountains  and  along  the  east  e<lge  of  the  Virginia  range,  at  the  east- 
ern edge  of  the  Truckee  region.  Other  areas  are  found  In  the  summit  region 
of  the  Virginia  mountains  south  of  the  Truckee  river ;  In  the  Truckee  meadows, 
espec?ially  flanking  the  Carson  block  and  extending  up  the  river  to  the  Sierra 
fault  front  west  of  Verdi;  along  the  west  side  of  Spanish  Springs  valley;  In 
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tbe  ralley  nortbouKt  of  P«iTifie  monntmin  and  nmniiis  north  in  Loos  Taltey  to 
tbe  neirbborbood  of  Hooey  Lake  Talkgr-  U  is  rery  proboMe  dnt  ni«iy  of  tbe 
rall^  areas  in  wbicb  tbe  beda  are  not  now  expoeed  really  cany  them  oreriaia 
by  Qnaternary  deporitA.     In  aereral  aocb  place*  thia  baa  been  demonstrated  by 

itbaltow  railroad  srades.  trent-be«,  and  wella. 

Tb«*«  beda  lie  unconformably  on  tbe  granites  and  other  members  of  the 
Bedror-k  seri^,  and  consist  Urg^y  of  pooriy  cemented  sands  and  days,  tbe 
foniHfr  being  sometimes  gray  and  friable,  sometimes  charged  with  limooite. 
and  orrf-asionally  nodnlar.  The  lateral  corraskm  oC  the  Trockee  river  a  f^ 
mil«s  above  Keno  causes  occasional  landalldes.  that  produce  cliffs  several  hon 
dred  fe*ft  high,  exposing  beaotifnl  sections  of  the  stratification  (pUte  73K 

Diatomaceons  earth,  frequently  of  great  purity,  ia  a  characteristic  member 
of  tlje  series  and  just  west  of  Reno  is  about  400  feet  thick.  Be»des  diatom 
remains,  it  contains  Kponge  sf>ir'ules  and  a  slight  amount  of  mhieral  fragments 
Fi>*b  remains  are  found  in  it  east  of  the  Virginia  range.  Some  layers  are  ashy 
and  carry  small  fragments  of  pumice  and  crystal  < apparently  pyroctasti*:* 
fnijcnw'nts  of  minerals  of  igneous  rocks; 

i'urreut-iiedded  gravels,  tuffs,  and  blue  tuffaceous  sandstones  are  common. 
e^cjiec'ially  In  the  lower  part  of  the  series  near  Verdi.  We  also  find  fo«>i: 
b'iives  and  li^ite  b«ls,  the  latter  formed  by  leaf  and  twig  accumuhitlons  i  th-i: 
is,  drifted  material )  often  intimately  asj«oclated  with  laminae  or  with  a  genem: 
admixture  of  vok-anic  ash.  A  shell  limestone  was  observed  in  the  Kawsoh 
niouiitalMH  near  Ilazen. 

Tlie*»e  lie<ls  He  on  tbe  weathered  surface  of  tbe  andesites,  but  they  preceilt^ 
tiie  blrMk  faulting  of  the  ranges,  some  areas  being  found  in  the  valleys  an«l 
muie  in  tbe  summit  region  of  tbe  Virginia  and  other  ranges.  They  are  chani* - 
teristi«ally  disturbed  by  tilting  and  «ome  folding,  though  ex<*ept  along  f:iu!t 
planes  tbey  generally  lie  at  mo<lerate  angles  of  dip,  say  from  lo  to  40  degree^. 
Tbe  plant  remains  are  of  the  broad  leaf  type  (or  reeds)  and  point  to  a  low*>r 
altitude  of  tbe  country  at  that  time.  These  various  relationships  indicate  that 
tbe  l>eds  may  lie  uiHier  Miocene  or  Plio<-eue. 

An  interesting  nef-tion  of  tbe  basal  beils  occurs  a  mile  or  two  southwest  of 
Keno,  Tiie  lava  difis  under  tbe  sediments  and  carries  a  layer  of  pre-Truckt^ 
Hoil.  Tbe  WKliments  show  i»€veral  alternations  of  distinct  lake  sediment  aiul 
alluvial  material  or  wasb,  each  a  few  feet  or  yards  thick.  This  seems  to  indi- 
cate a  lake  with  considerable  fluctuation  in  areal  extent  and  possibly  thereforv 
oc-r-upylng  an  interior  basin  without  outlet  (at  least  part  of  the  time)  similar 
to  the  (quaternary  Bonneville  or  Labontan. 

The  eastern  imrt  of  the  Truckee  region  and  the  Humboldt  region  are  chara«»- 
terlz«Hl  by  thick  rhyolltic  ash  accumulations.  They  may  in  part  have  atxTimu- 
lateil  Mtiliaerially  on  desert  valleys,  but  in  part  were  deposited  in  water  and 
carry  Mund  and  pebble  beds.  Whether  these  should  be  associated  with  the 
Tnickee  ^>e<ls  or  separated  as  a  later  series  has  not  been  determined. 

Post-Tektiaby  orogexic  Movements 

At  the  end  of  tlie  Tertiar>'  or  early  in  tbe  Quaternary  tbe  acute  deformation 
trK>k  place  that  gave  rise  to  the  present  mountain  ranges.  Folding  or  b«idin£ 
movements  were  restricted  in  occurrence,  tbe  most  characteristic  movements 
being  tliose  of  block  faulting  of  tbe  Basin  Range  type.     Most  commonly  the 
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faulting  was  accompanied  by  tilting,  one  slope  of  the  range  being  the  more  or 
less  eroded  fault  scarp,  the  other  the  tilted  older  surface,  which  often  shows 
but  slight  relief.  The  faulting  is  determined  by  topographic  form,  by  the  rela- 
tion of  older  structures  to  range  front,  and  by  the  attitude  and  distribution  of 
the  lake  beds,  ash  beds,  or  lavas,  as  the  case  may  be.* 

The  areas  of  uplift  (or  downthrow),  and  therefore  the  fault  scarps,  generally 
strilce  north-south  or  at  angles  not  far  removed  from  that  direction.     High  values 
are  represented  by  the  fault  on  west  side  of  Spanish  Springs  valley,  which 
strikes  north  28  degrees  east,  and  the  Peavine  fault,  north  45  degrees  west. 
Where  short  Independent  ranges  are  produced,  as  best  developed  in  the  country 
north  of  the  Truckee  meadows,  they  are  generally  not  bounded  on  the  north  or 
south  by  faults,  but  the  block  is  flexed  so  that  its  surface  of  deformation  rises 
in  a  curve  from  the  valley  on  the  north  and  descends  unbroken  underneath  the 
valley  to  the  south,  like  the  axis  of  an  anticlinal  fold.t    A  longitudinal  curvi- 
ture  of  the  depressed  portions  is  probably  the  rule,  but  rarely  observable.    An 
exceptional  opportunity  for  observation  is  afforded  by  the  depression  between 
the  north  end  of  the  Carson  Range  block  and  the  Peavine  Mountain  block. 
The  Carson  range  is  a  large  block  with  high  scarp  on  the  east  side,  and  rises  to 
10.800  feet  in  mount  Rose.    Going  north  it  rapidly  drops  to  the  Truckee  river 
(4.500  to  5,000  feet).    On  the  river  slope  the  lowering  is  about  4.000  feet  in 
4  miles.     Peavine  mountain  is  also  a  fault  block  with  a  scarp  on  its  north- 
east  side  and  tilted  gently  to  the  southwest     It  rises  to  the  height  of  8,270 
feet,  and  drops  off  to  the  Truckee  river  to  the  south  at  the  rate  of  alx>ut  1,000 
feet  to  the  mile.    The  lower  part  of  the  depression  between  the  two  blocks  is 
occupied  by  lake  beds  lying  on  the  andesites  and  the  whole  folded  into  a  syn- 
cllne,  with  axis  east  and  west,  the  Truckee  River  valley  lying  along  this  axis. 
In  other  words,  the  surface  of  deformation  of  the  Carson  block  drops  to  the 
north  in  a  curve  somewhat  sharper  than  usual  and  terminates  the  range;  it 
then  rises  again  from  the  valley  and  becomes  the  curved  surface  of  deforma- 
tion of  Peavine  mountain. 

The  principal  fault  scarps  recognized,  together  with  the  present  elevation  of 
range  summit  above  surface  of  valley  at  the  base  of  the  scarp,  follow : 


i^ 


Range. 


Sierra  west  of  Verdi 

Slate  Line  range^ 

Peavine  mountain 

Small  ranges  northeast  of  Peavine 

Range  west  of  Spanish  Springs  valley 

Carson  range 

Virginia  range- 
By  Trackee  meadows 

By  lower  Trackee  valley 


Scarp  facing. 


East 

West , 

North  eaNt 

East 

South  of  east 
East 

West 

East 


General  strike. 


North-south 

North-south 

North  45  degrees  west... 
f  North   5  degrees  east ) 
1  North  12  degrees  east  > ' 

North  28  degrees  east.... 

North-south 

North-south 

North  6  degrees  west 


Feet. 


3,400 
2,900 
3,300 

2,000 

1,600 
5,500 

2,500 

4,000 


It  may  be  noted  that  the  large  blocks  have  faults  closely  approximating  or 
practically  running  north-south.  The  fault  differing  most  from  this  direction 
is  the  shortest  one  given  in  the  table. 

Secondary  faults  within  the  general  range  blocks  are  not  uncommon,  giving 


•  Methods  already  described  in  detail  in  Bull.  Geol.  Soc.  Am.,  vol.  15,  1004.  pp.  289-346. 
t  This  was  also  pointed  out  for  the  Humboldt  mountains,  loc  cit,  p.  338. 
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rise  to  beucbes*  or  small  valleys  with  one  side  a  fault  scarp,  that  scarp  most 
commonly  showing  a  thi-ow  in  like  sense  to  the  primary  fault.  In  the  Virginia 
range,  where  there  ai-e  probably  two  primary  faults,  a  graben  was  found 
bounded  both  east  and  west  by  fault  scants  In  part  broken  Into  stei)s.  In  some 
places,  Instead  of  a  scarp  formed  by  movement  along  a  single  plane,  are  found 
a  series  of  step  faults,  which  distribute  the  upper  layer  along  the  face  of  the 
scarp,  making  it  appear  as  very  much  thicker  than  normal,  or  giving  rise  on 
distant  view  to  doubt  as  to  the  existence  of  fault  at  that  iJOlnt.  Such  a  front 
Is  found  on  the  Cai-son  range  not  far  from  Reno  and  on  parts  of  the  Virginia 

range. 

Lake  I^iiontan 

The  lower  Truckee  River  valley  and  other  valleys  east  of  the  Virginia  range 
were  occupied  by  the  Quaternary  lake  Lahontan  and  carry  in  their  lower  ii«irts 
the  practically  horizontal  and  unconsolidated  lake  beds.  The  sides  of  these 
valleys  are  striated  by  the  shoi^elines,  with  fresh  cliffs;  terraces,  etcetera,  and 
are  prominently  coated  by  the  Lahontan  calcareous  tufas  already  descrlbeil  by 

Russell.t 

We  may  note  that  the  lake  beds  are  found  about  12  miles  up  the  Truckee 
River  canyon,  showing  that  It  had  been  cut  even  below  Its  present  level  before 
lake  Lahontan  was  formed.  In  the  upi)er  i)art  of  the  canj'on  the  stream  flows 
on  Tertiary  volcanic  bedrock. 

The  Truckee  meadows  were  not  reached  by  the  Ijahontan  water  level,  but 
throughout  that  i)erlod,  as  at  present,  were  occupied  by  the  Truckee  river  and 
Its  floodplains.  Well  developed  terraces  have  been  cut  In  the  lake  beds  at  lea^it 
up  to  5,100  feet  5  miles  west  of  Reno  (700  feet  above  the  river).  Some  of  the 
terraces  have  but  a  thin  veneer  of  river  deiwslt,  but  one  about  80  to  100  fe^-t 
above  the  river  Is  underlain  by  a  thick  deposit  of  coarse  boulders. 

The  Truckee  Riveb 

The  Truckee  river  leaves  the  main  Sierra  front  near  Verdi,  passes  along  the 
axial  belt  of  the  depressefl  area  (syncllne)  between  the  end  of  the  Carson 
range  and  the  Pea  vine  Mountain  block,  mid  flows  out  onto  the  main  Tru<*kee 
meadows.  Crossing  these,  it  strikes  right  across  the  slope  of  the  Virginia 
range,  which  rises  abruptly  from  the  valley  some  2,500  to  3.500  feet,  and  cuts 
by  a  deep  canyon  almost  i)eriiendicularly  across  the  range,  emerging  on  the 
depressed  block  to  the  east,  where  it  turns  north  and  follows  the  topographit- 
(orogenic)  cnnitrol  to  Pyramid  lake.  If  we  could  fill  up  the  Truckee  canyon, 
the  river  would  flood  the  meadows  and  finally  seek  Pyramid  lake  to  the  north- 
east by  a  shorter  route. 

It  seems  very  evident  that  the  Truckee  river  is  an  antecedent  stream,  in 
existence  before  the  present  ranges,  and  that  the  Virginia  mountains  have  l>eeu 
slowly  raised  across  Its  course,  the  river  being  active  enough  to  maintain  its 
course,  and  for  that  distance  at  least  (25  miles)  remain  independent  of  tlw 
orogenic  control  which  is  almost  universal  In  this  region. 

It  Is  probable  that  during  the  gradual  uprising  of  the  mountains  the  TnK^ke*^ 


•  See  flKure  Illustrating  sub!«!dlary  faulting  In  the  Carson  range,  loc.  clt.,  plate  UV.  and 
discussion,  p.  341. 

t  U.  S.  (leological  Survey,  Monograph  xl. 
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meadows  were  often  flooded,  and  temporarily — ^perhaps  for  many  years  at  n  y 
time — occupied  by  a  lake.  At  present  the  river  is  flowing  over  volcanic  bed- 
rock at  the  entrance  to  the  canyon,  while  the  valley  is  occupied  by  alluvium 
and  lake  beds.  The  ground-water  moving  from  the  west  has  a  level  which 
gradually  approaches  the  surface  and  appears  above  it  in  hollows,  producing 
more  or  less  marshy  ground  near  the  Virginia  Range  front.  We  have  there- 
fore what  is  practically  an  underground  lake  which,  save  for  percolation  Into 
the  bedrock,  must  discharge  over  the  rim  at  the  canyon  opening.  During 
I)eriods  of  considerable  water  8upi)ly  from  the  west  the  ground- water  level 
rises  above  the  ground  and  a  certain  area  becomes  flooded.  Renewed  faulting 
along  the  range  front  would  quickly  produce  a  "permanent"  flooded  area. 

The  Truckee  River  channel  has  occasionally  been  occupied  or  displaced  by 
Quaternary  basaltic  lavas.    One  flow  occurred  In  the  canyon  through  the  Vir- 
ginia, range.     It  extended  clear  across  the  canyon,  and  the  river,  hemmed  In  by 
hard  Volcanic  walls,  was  forced  to  cut  through  It,  and  has  left  It  as  flat  ter-  ^ 
races  projecting  from  the  canyon  walls. 

About  10  miles  west  of  Reno  successive  flows  came  down  from  the  flanks  of 
Pea  vine  mountain  and  occupied  a  channel  cut  In  Tertiary  lake  beds  and  ande- 
sites.  In  this  case  the  river  found  It  easier  to  cut  through  the  lake  beds,  and 
now  flows  at  the  base  of  the  basalt,  which  rises  450  feet  In  a  striking  cliff.  A 
long  basalt  flow,  now  left  as  terraces.  Is  to  be  found  higher  up  the  river  near 
Truckee. 

Two  sets  of  hot  springs,  probably  genetically  connected  with  the  acute  post- 
Tertiary  deformation,  are  found  on  the  east  flank  of  the  Carson  range  (Steani- 
l3oat  springs)  and  about  5  miles  west  of  Reno  (Laughtons  springs).  Several 
wells  sunk  along  the  front  of  the  Carson  range  have  struck  hot  water,  Indi- 
cating other  hot  springs  that  do  not  reach  the  surface,  but  feed  direct  Into  the 
ground  water. 

The  Quaternary  river  deposits  are  faulted  just  west  of  Reno  sometimes  as 
much  as  30  feet,  and  scarps  topographically  very  young  are  frequently  ob- 
served. In  gathering  data  concerning  the  San  Francisco  earthquake  of  190(3 
Information  was  obtained  concerning  small  shocks  felt  distinctly  at  several 
towns,  but  rapidly  dying  away  In  distance  and  so  circumscribed  that  they 
IH>lnted  to  recent  disturbance  along  the  Virginia  mountains.  The  most  active 
part  of  the  orogenlc  cycle  Inaugurated  In  the  early  Quaternary  is  probably 
passed,  but  the  forces  do  not  seem  to  have  reached  yet  a  condition  of  equi- 
librium. 

The  writer  Is  Indebted  to  Professor  G.  J.  Young  for  three  of  the  photo- 
graphs used  In  the  Illustration  of  this  paper. 

A  COLLECTlOy  OF  F08BIL  FI8HE8  FROM  yORTHEASTERN  BRAZIL 

BY  J.  C.  BRANNEB  AND  D.  S.  JORDAN 

DIATOMS  A8  A  SOURCE  OF  SILICA  IN  SEDIMENTARY  BEDS 

BY  J.  C.  BRANNEB 

Adjournment  was  then  taken  until  afternoon. 

LVI — Bull.  Geol.  Soc.  Am.,  Vol.  18,  imu; 
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The  Section  reassembled  and  resumed  its  program  at  2.40  p  m,  the 
following  papers  being  presented  and  discussed : 

QBOLOGJCAL  RECOIfKATSSAKCE  IX  THE  SAX  JOAQVIX  VALLEY 

BY  H.  R.  JOHXSON* 

THE  LATEST  PHASE  OF  THE  COLORADO  RIVER  PROBLEM 

BY  W.  C.  MENDENHALL 

The  Section  then  passed  a  vote  of  thanks  to  Stanford  University  for 
the  use  of  its  rooms  and  for  other  courtesies  shown  during  the  meeting. 


The  Section  then  adjourned  sine  die. 


George  D.  Louderback, 

Secretary. 
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•  Introduced  by  W.  C.  Mendenhall. 
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2990.  List  of  Correspondents  and  General  Index  to  September,  1906. 
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SOCltrrt  lUPtMSALE  DE8  KATUSALI8TE8  DE  ICOSCOU, 

3001.  Bulletin,  Annte  1905. 

2427.  Bulletin,  Ann^  1903,  noe.  1-3. 

K.  BATERISCHE  AKADEMIE  DEB  WISSENBCHAFTEN, 

2847.  Sitzungsberichte,  math.  phys.  Classe,  1905,  heft  3. 
30ia  SitzungBberiebte,  math.  phys.  Classe,  1906,  heft  1-2. 

ANNALE8  DE8  MUXES, 

2997.  Annales,  6e  g^rie.  tome  x,  livr,  7-12,  1906. 
3058.  Annales,  6e  a^rie,  tome  v,  livr.  1-6,  1907. 

CABTE  G£OI/)OIQUE  DE  LA  FRANCE, 

2822.  Bulletin,  vol.  xvi,  nos.  106-110. 

BOCltrt  o£OIiX}IQUE  DE  FBANCE, 

2545.  Bulletin,  4e  R^rle,  tome  Iv,  fasc.  7. 
2821.  Bulletin,  4e  s^rie,  tome  v.  fase.  6-7. 
3070.  Bulletin,  4e  s^rie,  tome  vi,  fasc.  1. 

REALE  COMITATO  GBOLOOICO  D*ITALIA, 

2923.  Bolletlno,  vol.  xxxvil,  nos.  1-4,  1906. 

BOCIETA   GEOLOGICA   ITALIANA, 

3147.  Bolletino,  vol.  xxv,  1006. 


MOSCOW 


MUNICH 


PARIS 


FARES 


PARIS 


ROME 


ROME 


3067. 

2263. 

22M. 
2775,  2341. 
3039.  2343. 

3040. 

2773. 

3130. 

3140. 


2035. 
3038. 

2278. 
2711,2992. 

2712. 
2993. 


ACAD£MIE  IMPEBIALE  I)E8  SCIENCES.  SAINT  PETERSBI'RG 

Bulletin,  1907. 

C0MIT£  g£0LI6IQUE  DE  LA  BUSSIE,  SAINT  PETERSBURG 

Region  aurlf^re  lie  1' Amour,  livr.  5. 

Region  aurlfere  de  I^ua,  livr.  3. 

Memoirs,  nouveile  serie.  no.  16. 

Memoirs,  nouveile  serie,  no.  20. 

Memoirs,  nouveile  serie,  no.  3. 

Bulletin,  vol.  23,  nos.  7-10. 

Carte  gC'ologlque.  Region  aurlf^re  de  TAmour.  feuille  i. 

Carte  geologi(iue.  Region  aurifere  de  la  Zela.  feuille  ill,  2-3. 

BrSSISClI-KAISEBIJCHE   MINERAL0GI8CHE 

GESEIXSCIIAFT,  SAINT  PETERSBURG 

Verhandlungen,  zweite  serie,  band  xliii. 

Materialen  zur  (loologie  Russlands,  band  xxiii.  lief.  1. 

GKOIX)GI8KA  BYBAn,  Slt>CKHOLM 

Sverlges  Oeol.  rnders<iltning.  series  Aa,  no.  120  and  map. 

Sveriges  Geol.  rndersiilcning,  series  Aa,  nos.  125-126,  130-133,  with 

maps. 
Sverlges  Geol.  rndersilkniug,  series  A,  Blad  5  and  map. 
Sveriges  Geol.  Undersoknlng.  series  C.  nos.  197-200. 


ACCESSIONS  TO  THE  LIBRARY 
OEOIX)GISKA  FOBENINGENS, 

Fdrhandlingar,  band  xxxviil,  hafte  4-7. 
F5rhandlingar,  band  xxlx,  hafte  1. 

NEUE8  JAHBBUCH  FUB  MINEBALOOIE, 

Neues  Jahrbuch,  1906,  band  ii. 
Neuee  Jabrbucb,  1907,  band  i. 
Centralblatt,  1906,  nos.  14-24. 
Centralblatt.  1907,  nos.  1-19. 

KAISEXLICH-KONIGUCHE   OEX)LOGISCHE   BEICHAN- 
8TALT, 

2902.  Jabrbucb,  band  Ivi. 

KAISEBLICH-KONIGLICUES   NATUBHI6TOR1SCHES 
HOFMUSEUM, 

2932.  Annalen,  band  xx,  1905. 

GEOLOGIBCHES  IN8TITUT   DEB  K.   K.   UNIVEBSITAT, 
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2879. 
2838. 


2944. 
3064. 
2867. 
3051. 


STOCKHOLM 


STUTTOABT 


VIEIVNA 


VIENNA 


VIENNA 


3025-3029.  Belt  rage  zur  Paleontologie  und  Geologle  Osterrelcb-Ungams  und 

des  Orients,  band  xlv-xviii. 
3030.  Same,  band  xix,  beft  1-4. 

(c)    ASIA 


GEOLOGICAL  8UBVEY  OF  INDIA, 

2927.  Records,  vol.  xxxiv,  1906. 

IMPEBIAL   GEOLOGICAL    8UBVEY, 
BUBEAU  OF  SCIENCE, 


CALCUTTA 


TOKYO 

MANILA 


id)   AUSTRALASIA 


GEOLOGICAL  DEPABTMENT  OF  SOUTH   AUSTRALIA, 

1456.  Contributions  to  Paleontology',  nos.  17-22. 

2445.  Northern  Territory,  Reports  for  1905. 

2527.  Review  of  Mining  Operations  during  1005-1906. 

GEOLOGICAL  8UBVEY  OF  QUEENSLAND, 

2630,  3011.  Publications  nos.  201,  203,  205-206. 

DEPABTMENT  OF   MINES  OF   VICTOBIA, 

2344.  Records  of  the  Geological  SuiTej',  vol.  1,  part  4. 

3148.  Bu41etins  nos.  19-22. 

3152.  Memoirs  nos.  4-5. 

2778.  Annual  Report  of  the  Secretary  of  Mines  for  1905. 

3012.  Special  Report,  Economic  Minerals  and  Rocks. 


ADEIJIIDE 


BBI8BANE 


MELBOUBNE 


PERTH 


SYDNEY 


SYDNEY" 
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GEOLOGICAL  DEPABTMENT  OF  WESTERN  AUSTBAUA, 

2929.  Bulletins  21-22. 

2138.  Annual  Report  for  1905. 

2945.  Bulletins  23-25. 

GEOLOGICAL  SURVEY  OF  NEW  SOUTH  WALES, 

2908.  Annual  Rei)ort  of  the  Department  of  Mines  for  1906. 
2979.  Memoirs,  Paleontology*,  no.  5,  vol.  ii,  part  1. 

BOYAL  SOCIETY  OF  NEW  SOUTH   WALES, 

3057.  Journal  and  Proceedings,  vol.  xxxix,  1905. 

GEOLOGICAL  SURVEY  OF  NEW  ZEALAND, 

2989.  Bulletin,  new  series,  nos.  1-2. 

(C)   AFRICA 
GEOLOGICAL  COMMISSION, 

3016.  Tenth  Annual  Report,  1905. 

2492.  Annals  of  the  South  African  Museum,  vol.  iv,  part  7. 

GEOLOGICAL  SOCIETY  OF  SOUTH  AFRICA,  JOHANNESBUBG 

2912.  Transactions,  vol.  iv,  pp.  1-128,  and  Proceedings. 


WELLINGTON 


CAPE  TOWN 


GEOLOGICAL  SURVEY  OF  THE  TRANSVAAL, 


PRETORIA 


(B)  From  State  Geological  Surveys  and  Mining  Bureaus 


GEOLOGICAL  SURVEY  OF  NORTH  CAROLINA, 

2982.  Vol.  i.  Corundum  and  the  Peridotites. 
2983-2986.  Bulletins  1.  3,  5-11,  13-19. 

2987.  Economic  Papers  1,  3,  4,  6-10. 

GEOLOGICAL  SURVEY  OF  OHIO, 

2947-2948.  Bulletins,  fourth  series,  nos.  4,  5,  and  8. 
3003.  Bulletin  no.  6,  fourth  series. 

DEPARTMENT  OF  THE  INTERIOR, 

2788.  Guelph  sheet,  Ontario. 

GEOLOGICAL  SURVEY  OF  NEW  JERSEY, 

2999.  Annual  Report  for  190.5. 


CHAPEL  HILL 


COLUMBUS 


OTTAWA 


TRESTOS 


(C)  From  Scientific  Societies  and  Institutions 

(d)   AMERICA 
BROOKLYN   INSTITITE  OF  ARTS  AND  SCIENCES, 

2553.  Science  Bulletin,  vol.  I,  nos.  0-10. 


BROOKLYN 
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COLORADO  COLLEGE,  COLORADO  SPRINGS 

2555.  Colorado  College  Studies,  Science  series,  vol.  xi,  nos.  47-53. 

INTERNATIONAL  GEOLOGICAL  CONGRESS,  MEXICO 

3000.  Gnlde  Geologique  nu  Mexique. 

(6)  EUROPE 

SCHLESISCHE  OESELLSCHAFT  FUR  VATERLANDISCHE 

CULTUR,  BRESI^AU 

2998.  Eighty-third  Jahresbericht,  1905. 

OBSERVATOIRE  ROYAL  DE  BELGIQUE,  BRUSSELS 

3245.  Annua  ire  Astronomique,  1907. 

3246.  Anales,  Nouvelle  serie,  Physique  du  Globe,  tome  iii,  fasc.  2,  1907. 

DANSK  GEOLOGISK  FORENING,  COPENHAGEN 

2783.  Meddelelser,  nr.  11-12. 

ACADEMIE  POLYTECHNICA,  PORTO 

3181-3182.  Annaes  Scientificos,  vol.  i,  nos.  3-4,  and  vol.  ii,  nos.  1-2. 

UNIVERSITY  OF  UPSALA,  UPSALA 

3183-3184.  Bulletin  of  the  Geological  Institution,  vols,  vi-vii. 

(c)  ASIA 
BUREAU  OF  SCIENCE,  MANILA 

3185.  Philippine  Journal  of  Science,  vol.  i,  no.  10. 

TOKYO  GEOGRAPHICAL  SOCIETY,  TOKYO 

2946.  Journal  of  Geography,  vol.  xviii,  1906. 

IMPERIAL  UNIVERSITY  OF  TOKYO,  TOKYO 

2991.  Journal  of  the  College  of  Science,  vol.  xxi,  articles  2,  5,  and  9. 

(Z>)  From    Fellows   of   the   Geological   Society   of   America    (Personal 

Publications) 

n.  h.  darton 

3186.  Geology  of  the  Owl  Creek  Mountains. 

U.  S.  GRANT 

3187.  Copper  and  other  Mineral  Resources  of  Prince  William  Sound. 

3188.  Structural  Relations  of  the  Wisconsin  Zinc  and  Lead  Deposits. 

C.   H.   HITCHCOCK 

3189.  The  Bible  and  Recent  Science. 
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GBOBGE  P.   MEBRUX 

3190.  On  a  newly  found  Meteorite  from  Selma,  Alabama. 

Notes  on  tbe  Composition  and  Structure  of  the  HendersonviU^ 
North  Carolina,  Meteorite. 

(E)  Fboic  Miscellaneous  Sources 

M.  guoenhan 

3191.  Der  Stuttgarter  Talkessel  Ton  alpinen  Eis  ausfoihohlt. 

ALBERT  HEIM 

3194.  t^ber  die  norddstlicben  Lappen  des  Tessinermassives. 

Die  vermeintlicbe  Gew51beumbiegung  des  Nordfliigeis  der  Glamer- 
doppelfalte  siidlieb  vom  Klausenpass,  eine  Selbetkorrektur. 

MICHEL  MOUBLON 

3192.  Le  Service  G4ologique  de  Belgique. 

LENNART  VON  POST 

3193.  Norrlfl^ndska  Torfmossestndier.     1. 

LEONARDO  RICCIARDI 

3195.  L'Unita  delle  Energie  Cosmicbe. 

FEDERICO  SACCO 

3196.  Les  Lois  fondamentales  de  TOrog^nie  de  la  Terre. 

3197.  Les  fitages  et  les  Faunes  du  Bassin  Tertiare  du  Pi^mont 

3198.  Fenomeni  di  Corrugamento  negli  Scbisti  Cristallini  delle  Alpi. 

3199.  Sur  la  Valeur  stratigraphique  des  Lepidocyclina,  etc. 

4000.  Reunion  extraordinaire  de   la   Soci^t^  €^logique  de  France  en 

Italic,  a  Turin  et  a  G^nes. 

WIRT  TASSIN 

4001.  Note  on  an  Occurrence  of  Graphitic  Iron  In  a  Meteorite. 


OFFICEES  AND  FELLOWS  OF  THE  GEOLOGICAL  SOCIETY 

OF  AMEEICA 

OFFICERS  FOR  1907 

President 
C.  K.  Van  Hise,  Madison,  Wis. 

Vice-Presidents 

J.  S.  DiLLER,  Washington,  D.  C. 
A.  P.  Coleman,  Toronto,  Canada 

Secretary 

Edmund  Otis  Hovey,  American  Museum  of  Natural  History,  New 

York,  N.  Y. 

Treasurer 
Wm.  Bullock  Ci^4.rk,  Baltimore,  Md. 

Editor 
J.  Stanley-Brown,  Cold  Spring  Harbor,  Long  Island,  N.  Y. 

Librarian 
H.  P.  CusHiNG,  Cleveland,  Ohio 

Councillors 

(Term  expires  1907) 

H.  M.  Ami,  Ottawa,  Canada 
J.  F.  Kemp,  New  York  city 

(Term  expires  1908) 

A.  C.  Lane,  Lansing,  Mich. 
David  White,  Washington,  D.  C. 

(Term  expires  1909) 

H.  E.  Gregory,  New  Haven,  Conn. 
H.  F.  Beid,  Baltimore,  Md. 
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FELLOWS  IN  DECEMBER,  1907 
^Indicates  Original  Fellow  (see  article  III  of  Oonstitatlon) 

Cleveland  Abbe,  Jb.,  Ph.  D.,  Mount  Weather,  Va.    Angust,  1889. 

Fbank  Dawson  Adams,  Ph.  D.,  Montreal,  Canada;  Professor  of  Geology  In 
McGill  Uniyersity.    December,  1888. 

Gboboe  I.  Adams,  Sc.  D.,  Corps  of  Mining  Bnglneers,  Lima,  Pern.  December, 
1902. 

Job£  Guadalupe  Aouileba,  Director  del  Instltuto  Geologtco  de  Mexico,  City 
of  Mexico,  Mexico.    August  1896. 

Tbuman  H.  Alobich,  M.  B.,  1739  P  8t  N.  W.,  Washington,  D.  C.    May,  1889. 

HEinKY  M.  Ami,  A.  M.,  Geolog^lcal  Survey  OfiBce,  Ottawa,  Canada;  Assistant 
Paleontologist  on  Geological  and  Natural  History  Survey  of  Canada.  De- 
cember, 1889. 

Fbank  M.  Andebson,  B.  A.,  M.  S.,  2604  i^tna  Street,  Berkeley,  Cal.  California 
State  Mining  Bureau.    June,  1902. 

Philip  Abgall,  728  Majestic  Building,  Denver,  Colo. ;  Mining  Engineer.  Aognst, 
1896. 

Ralph  Abnold,  Ph.  D.,  Washington,  D.  C. ;  Geologic  Aid,  U.  S.  Geological  Sur- 
vey.    December,  1904. 

Geobge  Hall  Ashley,  M.  E.,  Ph.  D.,  Washington,  D.  C. ;  U.  S.  Geological  Snr 
▼ey.    August,  1895. 

Habby  Fosteb  Bain,  M.  S.,  Champaign,  111. ;  State  Geologist    December,  ISOT*. 

RuFus  Matheb  Baoo,  Jb..  Ph.  D.,  1048  Riverdale  St.,  West  Springfield,  Mass.: 
Mining  Geologist.     December.  1806. 

S.  Pbeivtiss  BALDwnr,  736  Prospect  St,  Cleveland,  Ohio.    August,  1895. 

Sydney  H.  Ball,  A.  B.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geological 
Survey.     December,  1905. 

Eawnr  Hinckley  Babboub,  Ph.  D.,  Lincoln,  Neb. ;  Professor  of  Geology,  Unirer 
sity  of  Nebraska,  and  Acting  State  Geologist    December,  1896. 

Alfbed  Ebnest  Bablow,  B.  A..  M.  A.,  D.  Sc,  Ottawa,  Canada ;  Mining  Geolo- 
gist    December,  1906. 

Joseph  Babbelu  Ph.  D.,  New  HaA-en.  Conn. ;  Assistant  Professor  of  Geolo*^'. 
Yale  University.    December,  1902. 

Geoboe  H.  Babton,  B.  S.,  Boston,  Mass. ;  Curator,  Boston  Society  of  Nataral 
History.    August,  1890. 

FijOBence  Bascom,  Ph.  D.,  Bryn  Mawr.  Pa. ;  Professor  of  Geology,  Bryn  Mawr 
College.     August  1804. 

Ray  Smith  Bassleb,  B.  A.,  M.  S.,  Ph.  D.,  Washington.  D.  C  T.  S.  Xatiouni 
Museum.     De(»enU)er,  1006. 

William  S.  Baylev.  Ph.  I)..  Urbana,  111.;  Assistant  Professor  of  Geolog?*. 
UnlvcM-sIty  of  Illinois.     December.  1888. 

^Geoboe  F.  Beckeb,  Ph.  D.,  Washington,  D.  C,  U.  S.  Geological  Survey. 

Joshua  W.  Beede,  Ph.  D.,  Bloomington,  Ind. ;  Instructor  in  Geology,  Indiana 
University.    December,  1902. 

Robebt  Bell,  C.  E.,  M.  D.,  LL.  D.,  Ottawa,  Canada ;  Acting  Director  of  tbe 
Geological  and  Natural  History  Survey  of  Canada.    May,  1889. 

Chables  p.  Bebkey,  Ph.  D.,  New  York  city ;  Columbia  University.  August  190L 

Samuel  Walkeb  Beyeb,  Ph.  D.,  Ames,  Iowa;  Assistant  Professor  In  Geolog}'. 
Iowa  Agricultural  College.    December,  1896. 

Abthur  B.  Bibbins,  Ph.  B.,  Baltimore,  Md. ;  Instructor  in  Geology.  Woman's 
College.     Deceml)er,  1003. 

Albebt  S.  Bickmobe,  Ph.  D.,  American  Museum  of  Natural  History,  New  York ; 
Curator  emeritus,  Department  of  Public  Instruction.     December,  1889. 
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iBYmo  p.  Bishop,  109  Norwood  Are.,  Bnffinlo,  N.  Y.;  Professor  of  Natural 
Science,  State  Normal  and  Training  School.    December,  1880l 

John  M.  Boutwell,  M.  S..  Washlnsrton,  D.  C. ;  Assistant  Geologist  U.  S. 
Geological  Survey.    December,  1005. 

John  Adams  Bownockeb,  D.  Sc.,  Ck)lumbus,  Ohio.;  Professor  of  Inorganic 
Geology,  Ohio  State  University.    December,  1904. 

*JoHN  G.  Bbanneb,  Ph.  D.,  Stanford  University,  Gal. ;  Professor  of  Geology  in 
Leland  Stanford,  Jr.,  University. 

Albert  Pebbt  Buoham,  A.  B.,  A.  M.,  Hamilton,  N.  Y. ;  Professor  of  Geology 
and  Natural  Histoiy,  Colgate  University.    December,  1893. 

Reginald  W.  Bbock,  M.  A..  Ottawa,  Canada :  Geologist  Geological  and  Natural 
History  Survey  of  Canada ;  Professor  of  Geology,  School  of  Mining,  King- 
ston.   December,  1904. 

Alfred  Hulse  Bbooks,  B.  S.,  Washington,  D.  C. ;  Assistant  Geologist,  U.  S.  Geo- 
logical Survey.    August  1899. 

Amos  P.  Bbown.  Ph.  D..  Philadelphia.  Pa.;  Professor  of  Mineralogy  and 
Geology,  University  of  Pennsylvania.     Deceml>er,  1905. 

Ebnest  Robertson  Buckley,  Ph.  D.,  Rolla,  Mo.;  State  Geologist  and  Director 
of  Bureau  of  Geology  and  Mines.    June,  1902. 

*Samuel  Calvin,  Iowa  City,  Iowa;  Professor  of  Geology  and  Zoology  In  the 
State  University  of  Iowa. 

Henbt  Donald  Campbell,  Ph.  D.,  Lexington,  Va. ;  Professor  of  Geology  and 
Biology  in  Washington  and  Lee  University.    May,  1889. 

Marius  R.  Campbell,  U.  S.  Geological  Survey,  Washington,  D.  C.    August,  1892. 

Franklin  R.  Cabpenteb,  Ph.  D.,  1420  Josephine  St,  Denver,  Colo.;  Mining 
Engineer.    May,  1889. 

Ermine  C.  Case,  Ph.  D..  Department  of  Geology,  University  of  Michigan,  Ann 
Arbor.  Mich.     December,  1901. 

♦T.  C.  Chambeblin,  LL.  D.,  Chicago,  111. ;  Head  Professor  of  Geology,  Univer- 
sity of  Chicago. 

Clarence  Raymond  Claohorn,  B.  S.,  M.  E.,  Tacoma,  Wash.    August,  1891. 

Frederick  G.  Cijipp,  S.  B..  Washington,  D.  C. ;  Geologic  Aid.  U.  S.  Geological 
Survey.    December,  1905. 

•William  Bullock  Clark,  Ph.  D..  Baltimore,  Md. ;  Professor  of  Geology  in 
Johns  Hopkins  University ;  State  Geologist. 

John  Mason  Clarke,  A.  M.,  Albany,  N.T. ;  State  Paleontologist    December,  1897. 

Herdman  F.  Cleland,  Ph.  D..  Williamstowu.  Mass. ;  Professor  of  Geology, 
Williams  College.     December,  1905. 

J.  Morgan  Clements,  Ph.  D.,  15  William  St,  New  York  city.    December,  1894. 

Collier  Cobb,  A.  B.,  A.  M.,  Chapel  Hill,  N.  C. ;  Professor  of  Geology  in  Univer- 
sity of  North  Carolina.    Deceml)er,  1894. 

Arthur  P.  Coleman,  Ph.  D.,  Toronto,  Canada ;  Professor  of  Geology.  Toronto 
University,  and  Geologist  of  Bureau  of  Mines  of  Ontario.    Decern l>er,  189G. 

George  L.  Collie,  Ph.  D.,  Belolt,  Wis. ;  Professor  of  Geology  In  Belolt  College. 
December,  1897. 

Arthur  J.  Collier,  A.  M.,  S.  B.,  Washington,  D.  C. ;  Assistant  Geologist  U.  S. 
Geological  Survey.    June,  1902. 

♦Theodore  B.  Comstock.  Sc.  D.,  Los  Angeles,  Cal. ;  Mining  Engineer. 

Ei'GENE  CosTE.  B.  ^s-Sc.  E.  M.,  Toronto,  Canada.     December.  IJKlfJ. 

•Francis  W.  Cragin,  Ph.  D.,  Colorado  Springs,  Colo. ;  Professor  of  Geology  in 
Colorado  College. 

Ai-ja  Robinson  Cbook,  Ph.  D.,  Springfield.  111. ;  State  Museum  of  Natural 
HistoiT.    December,  1898. 

♦William  O.  Cbosby,  B.  S.,  Boston  Society  of  Natural  History,  Boston,  Mass. ; 
Assistant  Professor  of  Mineralogy  and  Lithology  in  Massachusetts  Insti- 
tute of  Technology. 
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Whitman  Cboss,  Ph.  D.,  U.  S.  Geological  Survey,  Washington.  D.  C.    May.  1889. 

Garry  E.  Culver,  A.  M..  1104  Wisconsin  St.,  Stevens  Point.  Wis,  December. 
1891. 

Edoab  R.  Gumings,  Ph.  D..  Bloomlngton.  Ind. ;  Assistant  Professor  of  Geology. 
Indiana  University.    August,  1901. 

♦Henry  P.  Gushing,  M.  S.,  Adelbert  College,  Cleveland,  Ohio;  Professor  of 
Geology,  Western  Reserve  University. 

Reginald  A.  Daly,  Ph.  D.,  Ottawa,  Canada ;  Geologist  for  Canada  on  Inter- 
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